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PREFACE TO THE FOURTH EDITION 


therefore, endeavors to present the importan| fuels of ths scien aa knows 
on January 1, 1032. 
Tn Part Ton ‘Crystallography a section of some veventean pages has been 


entirely revised. Descriptions of about two hundred and twenty new species 


ture, ete, and from many texts. Among, the books wi 
Beta value age the folowing: Dosteys Handbuch der M-neralcbenie, 

i i », Lehrbuch der Mineralogie by Nigali 
Mineralogy by Miers-Bowmao, and especially Winohell’s Elements of Optical 
Mineralogy and Larsen's Microseopic Determination of the Nonopayue 
Minerals. The editor is also indebted to Professor Esper 8. Larsen for the 
privilege of consulting the manuscript of the new edition of the last-named 
work, He also acknowledges gratefully many valuable suggestions made 
by Professor Charles Palache. 


Wuusam E. Foro 
Naw Haven, Cot, March 1, 1982 


PREFACE TO THE THIRD EDITION 


‘The first edition of this book in 1877 and approximately twenty 
yur Inter (1808) the secon and revised aon wit published. Now, 


‘again after more than twenty years, comes the third edition. The changes 
involved in the present edition are chiefly those of addition, the general 
charneter and form of the book having been retained unchanged, “in the 
the eathoke cot in tbe et he ae ar a 

ff the mothods employed in the use of tho stetogeaie a gnome 
jections. A pee portion of the section on the ‘Option! Charnetots of 
Minerals has been rewritten in the endeavor to make this portion of the book 
simpler and more readily understood ky Abe ‘student, In the section on 
Descriptive palneeey, all species described since the previous edition have 
‘been briefly mentioned in their proper places. Numerous other changes and 
corrections have, of course, been mi in order to embody the results of 
mineral investigation during the last two decades. Only minor: changes have 
‘been made in. ¢ order of classification of the, mineral species, Tt was felt 
that us this book is #0 closely related to the Syatem of Mineralogy it was 
unwise to attempt any revision of the chemical classification until a new 
edition of that work should appear. The description of the methods of 
Crystal Drawiny even in Appendix A has been rewritten, A new 
table has been pe to Appendix B in which the minerals have been grouped. 
into liste according to their important bnalo elements, ‘Throughout th book 
the endeavor has been to present in a clear and concise way all t i information 
needed by the elementary and advanced student of the science. 

‘Tho editor of this edition is indebted especially to the published and un= 
Published writings of the late Professor Samuel L. Penfield for much ma- 
terial and many figures that have been used in the sections on ‘Crystallog- 
raphy and The Optical Character of Minerals. Ho ulso acknowledges the 
cordial support and constant assistance given him by Professor Edward S, 


Wiuas E. Foro 
‘New Hava, Cowy, Dee, 121 


PREFACE TO THE SECOND EDITION 


remarkable advance in the Science of Mineralogy, during the years 

‘since this Text-Book was first issued in 1877) 
necessary, in the preparation of new edition, to rewrite the whole as well us 
to add much new matter and ‘new illustrations. 


Symmetry. The names given to these groupe are based, s0 far ns possible, 
Upon the characteristic form of each, and are intended also to suggest, the 
‘terms formerly in accordance with the principles of 
‘The that wich lone meat vl tn th demas 
elementary student, the special and mathematically groups 
‘being described first. Eapecial prominence is given to the 
i yormal group under the successive systems, that is, to the group which ix 
relatively of most common ‘and which shows the degree of 
ym tnethods of Miller are followed as regards the indices of the 
¢ forms and the 
In the chapters on and the plan of the 
former edition is Jementary prin 
ciples of the science upon which the mineral this is par- 
ticularly Optics. ‘made to give 
the student the means of becoming practically familiar with all the 
methods of sion now commonly attention is, 
therefore, given to by the micro” 
,, frequent references are int ‘papers on 
the different subjects in ‘s attention to 
‘ 
Give part of the volume ig ewentinily an abridgment of the 
Sixth Edition of Dana's System. ssuthor (1892). 
To this work (and future Appendices) the student is, therefore, referred for 
fuller descriptions of Of species, for 
analyses, ists of localities, ete; ta here quoted. 
Tn certain directions, however, yhen the interests 
‘of the student have seemed to demand it; ‘the statement. of 
the characters of the various isom “Attention ia also ealled to 
the parngraph headed *" Dif.,” in the description of each common species, in. 
which are given the distinguishing charscters, ‘which serve 
wo te it from other species wit it ‘confounded. 
"ist of American localities of minerals, which ‘as an 


viii PREFACK TO THE SECOND EDITION 


it pers more space than could well be given to it; further, its reproduce 
tion here is unnecessary sinve it is accessible to all interested not only in the 
System of Mi ‘but also in separate form, A full topical Index has 


to his ool aA 

‘of the work dealing with the optiea ties of minerals as examined 
be aie ne sneoed oP ee 
Haven and to Prof. H. A. Miers of Oxford, England, for various valuable 
muggestions. 


Eowaup Sauanony Dawa 
Now Haynes, Covn., Aig, 1, 1808 
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Granat, Inome. mediate 
xox ro Species. 


Ba? 


7 ‘aan be expressed by a chemtoal 
formula, In some cases the chemical composition iv variable but only within 
certain limits and then usually according to « definite law. Thus, much 

rexuminod under the 


to . 
‘Again, 6 inineral has in moet caves a definite atomic structure. ‘This atomic 

structure, aa will be shown Inter, manifests itself in the physical characters 

and expecially in the external form. A mineral, in the majorit 


ou 

1s the pearl af an oyster, ete. Finally, mineral species are, ns a rule, limited to 
tol eubsnce, thi only gui inekided boing malic mercury and Water 
a 


Tt is obvious from the above that minerals, in the somewhut restricted 
sense usually adopted, constitute only part of whst is often called the 


Kingdom, 
4. Scope of Mineralogy. — In the following pages, the general subject 


2 TyTRODUCTION 


(2) Physical Mit ‘This includes © discussion of the physical 
charac te manure hl thom seeming pon omen ak eco 
density, light, heat, electricity, and so on. 

A it pe eg ger fe eg ety Ue 
gener lea of ct ne a] to ming apecies; ir ol 
fers na chemical compounds are described, alo the methods of invesignting 
them from the chemteal side by the blowpipe and other means, 

(A) Occurrence of Minerals.—This section includes a brief deseription of 
the different modes of mineral occurrence, characteristic mineral nssocia~ 
tions, ete. 

(8) Descriptive Mineralogy. — This includes the clussifieation of minerals 
and the description of each species with its varieties, especially in ita relations 
to closely allied species, as regards crystalline form, physical and chemical 
characters, occurrence in nature, and other points, 

4. Literature. — Reference is made to the Introduction to tho Sixth 
Edition of Duna’s System of Mineralogy, pp, xlv-txi, for an extended list of 
lndependent works on Mineralogy up t9 1802 aud io ite Appendices 1, TE 
and TI for works published up to 1915; the names are also given of ‘the 
tnany selenite periodicals which contnin original tomes on mineralogical 
subjects. Por the convenience of the student the titles of a few worke, 
montly of a general character, arp given here. Further references to tho 
Iterature of Mineralogy are introduced through the first half of this work, 
particulary at the end ofthe sections dealing with special subjects. 


Crystallography and Physical Mineralogy 
Ean.y Wones* Inde thowe of Rote Volo, 172, Hay, 1809; Neuinann, Keys 


tallonotie, 1423, and Kryxtallographie, 1825; Kupfler, 1825; Heyaalaiionis, 

4820; ‘Natimant, 1529 and Inter; Quonstedt, 1840, (also 1873); "Miller, 1849 nd. 1803 
3 4 ; ona 

lay ah op RE Tan Brava, Beudor Cxinty Fa 1808 1540} 


rcewr Wons inolude the following: 
Darkec. Graphical and Tabulse Methous in Crystallography, 1922; Systematic Crym 


‘ 
oer Creare 
ey Cree 
Hetil ata EEO ern, 19-118 
‘Bruhns. ve der Kryat uphie, 1002. 
eras ‘a 


foqmen der Minerale: wold 1880-01, 
rent der Lanerrojtian um ee Krytal, 1857. ijetallogehiarbe 
ooo fand Gordon. Cryrallograpie Tables for the Determination of Miers, 


yr ck 1014. 
Govaner., Kristallbareehyng and Kentalelchaung, 


stn deere alan Hane er Hae ad Calas 
Etch re 


seghttnee Erste! Kryatallograpble, 1881. Physikalische Kyystalogmphle, 


bia. ‘Traité de Cristillogrphie géométrique et physique; vol 1, 1870; vol. 2, 


The ful titles of many of these are given bn pp Hs of Dana's Sytem of Miner 


INTRODUCTION 3 


(an ra at 1924; Vol, 11, 1025; Krystallogeaphische 


stallogray mL Dy am 
Sehieboi: eres tee ikea ze ‘SEB icwalogesp hich 
Schnider snd Keyetallatraturanalyse, 1020 
ee et SE ieee a 
ofits nnaahe elie 
Story the Mi of Cryatal, 1805, 
Tut, “Crmaline roc ad teat inn, 1028 Tat dotaenphy and 
Prat omen Pad, The Natural try 


7 grasa epics um Berechnen der Krystalle (Rose's 
Keulalogrphie Hi Hand) 


wari: ibe Catare a erik aan oo I etc Puri 


19 AS) inh), mented a Ren 
AUS) rhplogmnySiy ee (800) Thapettant later works acho Uv elowdag- 


niece Microncopie Examination of the Ore Minera 


Dopare und Pearce. ‘Tritt de Tochniquo Mlnérnlogique et 1907, 
Racha Determiatin of the jiu Minerals, 101, 
Grott. Phy i 1, 
Groth sackton, Optica! Propet le of Cera 1910. 
fohanten, - Deternination of ocr, 108, | Magual of Petrpraphie 
Madhods 1014. Rape forthe Ritrocopit Detertation of Mock tormng 


crdoch.  Silenstopea! Desai of abe Opn sara, 1 
itt ato Prk by Dupre ak nde Berrien La’ Nth Vntwrlla 


Sehaviderhak and Ramdoht, Lehrbuch de Eronlkrshopie 80, Ererikrokopisshe 
Lag op opm roscopio Determitition of the Oro Minurals. 0. 8. Geol. Sur, Bull. 825, 


TN iachat, Flesenta of Onc! 3 5, 10-103. 
‘Wright. ‘The Mothods of Petrographic-Mlcroecopic Hlesearch, 1911. 


iat Mineatogy 
ance th oe hing 4 Lost Te Taide we perianal 
zane ‘Pherae, Page Linda, Wale 


ey Hate Tre 201, 1822, Tenimony, 181, 10; 
ee =r sf 


i Pe mace of Moh, 18 Be 


ey ite 
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“More Rucenr Wonks are the following: 
arts 

Sr i, mt 


Branis. “Das Mi Spencer, 
a aera eto 
sy 10 1D, 7A (canny) Wile nd ow Yo dy th Re ork, 
‘Dane-Ford. Manual of Mt 
tober Conant. Mand anced do Mintaloper’ vol. 18; vol 2, ter Fase, 874; Se 
‘Grotu and Misteltner. Minoralogiche Tabellen, 102. 


Hintze." Handbuch dee Migeai Tss0-i031. 
Kinet and Host Sterno, 1928 
Trerote. ede rane dem Calo, & i, 180-101, 


Hoses ee ie ‘omatgraphy 40d Blow Ansa 018 
m tint Maton 
oe sey tis 
Boker, “ANS er Kappa Port des Mioorlriches, dt, vol 1, AC, 1-187 
=. ‘Hin Worle Mnera, pega’ 5 
ath tr Snr 1884; 9th od, 1003. 
Hees Cn of Nes amare deal 
iar tans ori po 
‘Wilda, Die Metetn Saungs, 8 oy 08 107 eseler wor on vlad uot, 


Forges icc finer Unite tao Caan the vole 
Data olen on te Min 
¢ enim cd ale pa et atc 18) er he nnn ha BG 
Chemica an Determining Mineralogy 
Bichot_Larth er cheinen wd phylaichon Ong, 187-2 ey 


1019, 
eres Sy ea peal Propet 
F 
dlc Manual of QualtativeBowpipa, Aglaia, New York, 1880, 
Kobell, F. vo. “hat Bonnin die lr it Incher chenleher 
‘Veh sen und nme Wap te Age 1878 


‘Lewis and Hawkins, A Manual of Deterinati 
Putsam, biggie ore bint gh 

10 SE Hench dr Migerasomiy 2 5, 
‘Rosesholts rand Sea “Tables and Charta of Specie Gravity and ree or use 


the ‘of Minerals, 1081. 
vund Gi volt, Teal Miners 
ae heh Calo: Bildung a Urabitdumg der 
Me ibaa. ac den fu dan apecfache Gewicht. dren sng 


isl eaten 
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der Minerallen nach Susseren Kennaschen, 
‘te gate Gunde on Wanaka wor, Hrexers Table for the terion” 


Artifical Formation of Minerals 


Mineralayntetlchen Patt, 1915. 
Burke Ueberah er "Einsiehes Minerale, namentlch der krystal 


wile 
Mig. Nowe Ihc ts Mineo, est um Paes to 
ott Noite carancelah geared Binettopal Socaty of 


ae petrgraphingo Miitbaimgen, 1878; asl, 
from i race ne on 6 rch 
Bea zaducnh for Keyealogapite nad Ktnetaogi, = 
Ananavissions 
a. ‘Hardness. 


Compontion. 
SU” ineleem: ‘or ditindive char RL. Reduelog Plame vp. 902), 
sce Va Veriton 
6. Specie Gravity. 


‘Baga A teed intote tang etre wo nce mera a am (100A 110) 


PART I. CRYSTALLOGRAPHY 


GENERAL MORPHOLOGICAL RELATIONS OF 
ORYSTALS 


5. Crystallography. — The subject of Crystallography includes the de- 

soription of the characters of crystals in general; of Tai ineraal x eto 

structure; of the various forms of ‘and their division into classes and 

systems; of the methods of st ‘crystals, including the determination 

tf ihe mathematical relations of their faces, and the measurement of the angles 

Potren them; fal, a deription of orpound of win ert of | aur 
tie in crystal ne tes, and of pecuclom 

a" Defndton of a Crystal, A eryta 1s the regular polyhedral form, 
bounded by smooth surfaces, which is aarumed by a chemical compound, under 
the action of ils interatomic forces, when passing, under auitable constitions, 
rom the sate of a liquid or gx to that of w solid. 

"As expresced in the foregoing definition, a eryntal iy charweterlaae, firt, by 
its definite internal structure, nnd, second, ‘by Ai external form. ery 
is the normal formn af a mineral species, ns of all solid chemical compounds; 
fut the conditions suitable for the formation of w crystal of ideal perfection 
in symmetry of form and smoothness of surface are never fully reallzed. 
Further, miny species usually occur not in distinet oryatals, but in massive 
form, ad in sono exceptional eases the definite Internal structure is absent, 

‘Three terms are sometines used to Indicate the different states in which » crystalline 
mubstance may appear, ‘Ma crystal ia developed with all ite proper: murfacen (or erye~ 

tai ny pat Ty atalino hae pared de formation 
{arc eal ie ell ares iea great hace 


7. Molecular Structure in General. — By definite molecular structure 

is meant the special arrangement which tho structural units assume under the 

etlon of the forces exerted between them during the formation of the solid, 

Some rernarks are given in a later article (p. 23 ef se.) in regard to the kinds 

of steuetural i theretiealy posible ad thn relation to the 
ferent aystern, ani ‘of crystals. 


agymmetry of th 

nthe definite internal stricture 1s the essential character of a erystal, and 
the externa! form is only one of the ways, although the most important, in 
Which this structure is manifested, ‘Thus it is found that all similar direo- 
Hons in a crystal, or a fragment of w crystal, hove like physical characters, t 


only to erpatale of quarts, 
qt bane alte to unt congealed ty intense cal” Hace he 
Tae roe serene 

ee eather elucidsad in the chapter devoted to 
rei ag a 
Travers of hs propstiion i tse, Yi 
general unlike properticn. ' 


ELE teF 2 Feber i qet 

Ce a Ee ele 

fig eae ub ial 

if wid quoel (ile 

H qu ali ins 
Sede aati! Ai 
Pepa lata! inl 
nelle! ie 

BAU BP fiat 
i HE iB Hs Uae i ty aff 
: He Hee Nel 


the various forms of crystaliine sgxregates la postponed to the 


ot 
‘chapter. 
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Tho misrotopic study, of rocks reves many cases In whieh an analogs change 
soolcular rwetare bar taken place m auld amy, Qs Gated for ents By reat 
peor 


9. External Form.—A crystal is bounded by smooth plane surfaces, 
called faces or planes,* showing in their arrangement a gertain charueteristi¢ 
symmetry, and related to each other by definite mathematical laws. 

‘Thus, without inquiring, at the moment, into the exact meaning of the 


term 3} aS to ‘and the kinds of 3 
Val da pp eat 
figures, 1-8, show tho external form spoken of. ‘They represent, 

certain definite types. “4 


1 a 


10. Variation of Form and Surface. — Actual eryatals davinte, within 
‘ertia,tueo many be arate fa th f like faces, th iy 
5 intion in th size of nus \ 

are defiped: Inter: s dletortad forms, In the sewn ae tae 


faces, just alluded to, in general make it enay to 

fein tien aaa face arial © the con any 
Iie tho fact of ext gn or ou theather hand, th apne 
‘uneven surface commonly yielded by cleavago. 

11. Constancy of the Interfacial Angles in the Samo 
Species. — The angles of inclination between like faoce on the 
eryatals of any species are ementially constant, wherever they 
are found, and whether products of nature or of the laboratory. 
‘ese angles therefre form one ofthe important 

ers of a 
cotta Saar aerta he tatest 
faces = and mi ie same for any two like faces, 
similarly situated with reference to each other,” Further, tis ange is con 
stunt for the epecies no matter what the size of the erystal may be or from 
What locality it may come, Moreover, the angles between all the faces on 


This latter word is usually limited to eases where the direction, rather thas the definite 
‘surince jee, ia denignated. 


10 
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15, Planes of Symmetry, —A solid is said to be geometrically* sym- 
metrical with reference to s plane of symmetry when for each face, edge, or 
solid angle there is another sila fae, ede, or ange which has a ke osi- 
i vious that the erystal of 
amphibole, 

ence to the central plane of symmetry indicated by the 


ge of the other al. 


may have as ine planes of 
soley Ween ct aol sed ar ot easther atetiaststed 


‘one half of the crystal is the exact mirror. | 
by the cubet (Fig. 16). Here the planes of the first set 


pass through to the oubio faces; 
Pes evan Fe. 10 he place of the moog st 5 pen 
the oppesite cubic edges; they are shown in Fig. 1. A : 


plane of xymmetry is always a crystal face and ite normal is always 
fie peseete eeucteten mcr 
16. Axes of Symmetry. — If a solid can be revolved through certain, 
number of degrees about some line as an axis, with the result that it neuin 
‘occupies precisely the same position in space as at first, that axis is said to be 
an axis of eymmetry, ‘There are four different kinds of axes of symmetry 
‘erysials; they are defined according to the number of times whieh the 
repeats’ itself in appearance during @ complete revolution of 360°. 
‘An axia of symuetry is always normal to a possible erystal face and parallel to 
the edge of intersection of two erystal faces, 


10 


Syrometry Planes in the Cube 


(a) A crystal is said to have an axis of binary, digonal, or twofold, symmetry 
seid SSSiuson oF tbe" prodones ts wes teas bela lhee winds, 
pop beret tegtrcy eer cre A 
deed each of the h ital axes also). ig 


7 The lation Ietwown,the ral geometrical timely and ta asta erotallgrapie 
srcanutty douse in Are 38. 
"This ia Ube cube of Wie nartal class of the frometse ayntem. 
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This ia ngain the cube of the mammal lam of the letoetie ayatecn, 
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Foobar er pelt 
17. Center of Symmetry. — Most crystals, besides and axes of 
symmetry, have alo s center of symmetry. On the other hand, crystal, 


meter rennet pony scones ‘Than nct tres oft tislats 


cystal.* Dig feodaoae 
‘Also (ig. 22) the three central planee to.each 
rai of bi aoa ike } espe a Ae us 
Eyal 4 vit widely fom 
: shop ian iy the pia SS ie tac, 
it ean be proved, «g. WORE, mature (aces, 
‘optical means, that the three pairs of faces are like faces, i 
o OF, it that the molecular Gunmen 
the three directions normal to 
Further, io the ease of « normal cube, a face of an oetahedron om any solid 
* It is to be noted that the perspective figures of crystals the geometrically 
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named as Fig: 25. 
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On the hand, 
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of the fact stat 
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ee 
oe symmetry, 
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tp hrtenin 
Sepieen net 
Sa tee co 
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oe 


Hite dab 


te 
minute study of the other physics! characters. sha bai plost of $08 
motry of a erystal is afforded by the analysis of its int struc 
‘use of the X-rays (see Arts, 34-38), 
eh bret pe ol ate ih ly ra 
anh! et ent Mil thy ea dete 
eee oe 


tome ‘sh There are bt pumera. produced poo Hinata 
‘the shape of ee seu ee Torte brrangemcnt of the mole 
og a 


F 
} 
3 


{ive under the different aystems. ‘Thus the micas have been shown to be 


fruly moncelinic in erystalliastion, though in angle they aeem to be in some 
orubohestral, 


[The tarms peradorheaugonal, cic, womd in thin and similar came explalt themselves. 
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fe others are distinctly represented, though several of thess 
pepetinsils Tha mang dio ohh ete 
tions, are known among the eryatallised aalta made in the laboratory, "The 
characters of each of the thirty-two classes ure given under the discussion of 
the several crystalline systems, 

22. Crystallographic Axes. —In the description of  erystal, especially 


‘These lines are called the crystallographic azes. ‘Their direction is to a 
er oF less extent fixed by the i 


book while in the following parentheses are given other 
t names that are also in common usc. Under nearly all of the 
is possible to give the name of a mineral or an artificial compound 

rve to illustrate the characters of that particular class, 
alight variation between different wuthors in tho order in whieh 
the erystal systems and classes are considered but in the main essentials all 
modern discussions of erystallography are uniform. 


ISOMETRIC 8Y8TEM 
(Regular, Cubic System) 


1. Nowa Crass. (Hexoctahedral, Holohedral, Ditosseral Central.) 
(hj OF; Tadd, 10) Galena Type, ; 

Tononat Cass. (Dyakisdodecahedal, 
ral. Diplotdal.Tesseral Central ; Tad 


= eos adn at tn, rh etm mm omy 
ssa yy Oe a ae AR sre ee 


Cryatals of the tetragonal and be i syetenm are alike in boing optically unusial; 
the crystals ofall the other nysterns has optical chatchare 
wot Por pliton dee eee eae 
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8 Trreamerat Crass. _(Hextetrahedral, ‘Hemihedral, 
Ditesseral Polar.) [Td; Te; Tita; cas Tenia 

4. Puactonepnar, Crass. (1 
Herihedea Gyredal, oseral eleaiat) 10s Os 148; ah apne 


‘Type. 
5. Teranroxepmat Pentagonal Dodecabesral 
Teserd Boas) Ths ty Bey 5] Umanile Typ 


TETRAGONAL SYSTEM 


Dipyramidal.  Hilohedeal,. Ditet- 
mana a i easton} Pe ea Ts /acd; 20) Zircon 


Hnouwounno Crass, (Ditetragonal eee 
morpho, “Ditetragonal Polar) (Cay; Tod; 12) Todocteeaioide 


‘Torrynasupat. Ci (Tetragonal Dipyramidal. 
hedeal. "Totragon ‘Syontrial) Clb; 40); Tha; 6 Sch Sle Typ ee 
9. Prnanipat-Hraumonpato Crass. Hemi 
ic, etrgocal Pola) (C4; $C; The eae 
10. Sraexomat Cass. | (Tetragonal dal, Hemi 
ral. “Didigonal Sealenohedral. Blccngaal ehiternatang) Va 24); 
44; vr 12] Chaleopyeite Type. 
1. ‘TarezonmonaL Cuaks, (Tetraponal Trapescbetral. Traperohe; 
ral ‘Henihodral: "Tetragoaal Ho [D4; 4D; 14,2; 10) Nickel 
pO. 
tart ngheaomeona, Chass. presale jenoidal Te- 
tartohedral. Totragonal Alternating.) [84 (C4); 40; Free Artif. 
2. CaO. Al,0,.8i0s Type. 


HEXAGONAL SYSTEM 


A. Hexacoxat Drvistow 


13. Ne Ctass. (Dihexagonal Pier Holohedral, Di- 
hexagonal Esra vost) (D8h; BBE Gymne) 4B . 


ne Taro Sse é won peers 
jedral, Hexagonal Equatorial, f an tite 

Te, Prustonetieonnizo Gash, Byrn. Eyramt 
dal Horihedral Hemimorphic. Hexagonal Polar.) (C8; 6C; 6) 
Nephelite Type. 


17. ‘Trarezonzonat 
ine Homihedral. Hexagonal sonnt itoloasil) 1D6; 0b; foci oy Beasts 


8. ‘Turaowax. Chass, nal Dipyramidal.. ‘Tyigonal Hemibedral. 
Diced autora) (shy bay be: a Beaioite Type 

fA "Teranrourbnal Ctass.  (Trigonal Dipyranidal. ‘Trigo- 
nal Egustonal) (Cdby bey, Coy i] Diaiverorthophosphate ype. 
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B, Tidoxan on Ruowmomepnan, Divistox 


(rigonat. System) 
20. Ruomponenuar Crass, (Ditrigonal Sealenohedral, Hexagonal Sea 
Jenohedrat,  Rhombohedral He |) Dihexagonal Alternating.) [D3d; 


BDi; R3e; 6) Calcite Type, 
41, Ruowmorepuat Hranwoneite Cuass, (Ditrigonal Pyramidal. ‘Tie 
Hecihedral Hemimorphie, Ditrgonal Polar.) [C3v; 6; Ro; 6] 
‘ourmaline ‘Type, 
22. "Tanionoumonat. Cuask. (Rhombshadral. ‘Teigonal Rhomboba- 
ral.“ Rhombohodral Tetartobedral. Hexagonal Alternating.) (C31; 3Ci; 
3; 2) Phenneite ‘Type, 


3. Taavmzoneorat, Chass, ‘Trapezohedral. ‘Trapezohedral 
‘Tetartobedral, Holoaxial.) | [D3; 8D; R32; 7] o-Quarts Type. 
24. Triconan TetawronyoraL Hinmonvinc Ci (Trigonil 


Polar.) (C3; 30; R3; 4) Sodium Periodate Type, 


ORTHORHOMBIC SYSTEM 
(Rhombic or Prismatic System) 
25, Nonstat, Cass. (Orthorhombie Dipyramidal. Holohedral. Di- 
digonal Equatorial.) [Vb ( % 2Di; Inuna; 28] Barite 3 
26. Hearwonrare Chase. (rihorhombie Pyramidal. Didigonal Polar.) 
[C2v; 26; Ims; 22] Calamine Type, 
Zi, SruexowwaL, Crane.” (Orthortiombie. Disphenoldal, Digonal Holos 
axial.) [V(D2); 2D; 12,2,2,; 9] Bpsomite Type, 


MONOCLINIC SYSTEM 
(Odiique oF Mononymmetric Sytem) 
28. Nomar Crass, (Prismatic, Holohedral, Digonal Bquatorial.) 
[O2h; 261; 2/6; 6] Gypaun 1 


n Type. 
2, Heuruonrao Clase, Gphenoidal. Digonal Polar) (C25 20 
2; 3] Tartare Aad Types se ut 


90, Cruvowmpnat Chass, (Domatio, Hemihodeal. Planar) [C1h(Cs); 
22; Ce; 4] Clinobedrite Types  Eae 


TRICLINIC SYSTRM 
(Anorthic Syitem) 
31, Nonmat Ctass. (Holobedral. Pinnooidal, Central.) (Ci (Cy or 
5 1Ci; PI; 1) Axinite Type, 


32, Asrauermic Cass (Hemihedrl, Pedial,) (Cl; 10; Pt; 1] 
Calcium ‘Thiowulphate Type, 


2. is of Crystallization; Crystal Axes and Symme .— In tl 
immediately following a staioment in given deceit the eepatah, 

phic axes of each of the crystal systems and also a synopsis of the sym. 
metry of the normal class of each of the different systems, “The eymnnetey to 
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also given of one subordinato class of the hexagonal system, which is of 50 

great importance that it is often conveniently treated as a sub-system even 

when, as in this work, the forms ire referred to the same axes an those of the 

strictly hexagonal type —s usage not adopted by all authors. 

ang ttuertc Svar, ‘Thins crystal axe a right ani to ach ote 
lengths, a i eS mnmets 

lanes) parallel tthe ei ace, SS Fy their tateraeet tc the sk 

lographie axes; six nal of eymmotry, passing through ea 

‘opposite pair of eubie edges, and hence parallel to the fees of the rhomble 

Srepbecrons 


Further, three like axes of tetragonal aymmetry coincident with the 
orystallographic axes and normal to the faces of the cube; four like dingonal 
‘axes of trigonal symmetry, normal to the faces of the octahedron; and six 
like diagonal axes of binury syinmetry, normal to the faces of the dodeo 
ahedron. There is also obviously a eenter of symmetry. ‘These relutions 
are illustrated by Fig. 27 also by Fig. 35; furthor by Figs. 110 to 143, 


tallographic axis. normal to this 
four axes of symmetry — like two nd two — thoes of each pair at 
Halt angles to eush ole Vig. 28 shove n typleal tetragonal orystal, and 


204 bisal projection of it, thit i, a tion an the princi of 
fyhinoity nora ts the verte wa” Se dag Pig 30 and Pgs 


* Two planes of 
hhalves which are jdentical 
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J Meiookat Seep Tote ysl ae, threo of which ais equ 
and lie in the horizontal plane making angles of 60° and 120° with euch. 

while the fourth axis is vertical and bas a length different (longer or shorter} 
from that of the horizontal axes. In the Hexagonal Division there are four 
‘axial planes of symmetry; of these three are like planes meeting at of 
‘60°, their intersection-ling being the vertical erystallographie axis; the fourth 
plane (a principal plane) is at right angles to these. ‘There are also three 
‘other planes of symmetry meeting the threo of the first set in the 
vertical axis, and making with them angles of 30°. 

Furtner, ‘there is one principal axis of hexagonal symmetry; this is the 
vertical eryst ic axis; at right angles to it there are also six binary 
axes, The last are in two sets of three each. Fig. 30 shows a typical hex- 

nal crystal, with a basal projection of the same. See also Fig. 37 and 

2 


‘igs. 238-245, 


In the Prigonal or Rhombohedral Division of this system there aro three 

like planes of symmetry intersecting at angles of 60° in the vertical axis, 

; tho forms belonging here have a vertical principal axis of trigonal 

mmetty, und three horizontal axes of binary symmetry, coinciding with 

¢ horizontal erystallographic axes. Fig. 31 shows a typical rhombohedral 
erystal, with its basal projection. See also Figs. 261-287. 

TV.’ Onrwonyowate Svarex. ‘Thiet erystal axes at right angles to each 
other, all of different lengths, “ Three unlike planes of aymmetry mesting 
ait 90%, and fixing by their intersection-lines the position of the erystallo: 

ieaxes. Further, three unlike axes of binary syminctry coinciding with 

‘last-named axes. Fig. 32 shows 4 typical arthorhombie erystal, with ite 
basal projection. See also Fig. 38 and Figs. 316-338. 

V. Moocune Svsreat, Three erytal axes of unequal lengths, havi 
‘one of their intersections oblique, the other two interscetions being at 90°. 
One plane of symmetry. which eoutains the two crystallographic axes (hit 
have the oblique intersection. Also one axis of binary symmetry, normal to 
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M1 “Parcurae 'S Seema ‘hree unequal spiel aaa with mutually 
io plane no axis of symmetry 
solely Aidt anaes to the cereal ain Tiss of and a0 chow tspeal trie 


statintioal study hs shown that moore than one half of erystallieed minerals belong 
ge erin cn Fhe senor of engeen rprtalion tte 
Clase of highoat nyrametry in the respective syytems, 


25. The relations of the normal Ceci of the different ent ytems are further 


Hhvstented bots metry by 
eae he eee fore ha ae ee 


ipanying figures, 
faces eaoh of which is parallel to's plane through two of the erystallographi 
is thors palin Further, there by ‘putas 


8 
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this, the combination of faces each of which joins the extremities of the unit 

he fall andeatanding f the subject will not be gained fter 

of the subject will not until after a 

study of the forms of each system in detail. Nevertheless the student will do 

Wil ts make himself familiar at the outset with the fundamental relations 
lustrated. 


It will be shown later that the symmetry of the different classes can be 


96, Models. — Clam (or cello) model i the diferent 
‘ a Fs 39 be Ait th stony 


‘Orthorbombie Monodiinie ‘Trielinte 


27, So-called Holohedral and Hemihedral Forms.—Tt will appear 
later that each erystal form* of the normal clues in « given system embraces 
all th faces which have n lke geometrical postion with reference 10 the 
‘erystallographic axes; such a form is said to be holokadral (from hor, com- 
plete, and "pa, face). On the other hand, tmider the clases of lower sym- 
tur, certaln form, wile necomaly having al he faces which the ap 
me allows, may yet have but ‘as many as the cor onding form 
the tormael clase those half faced forms are ssmotimes called 0 


holohedral form there correspond two similar and complementary sper 


forms, called respectively positive ‘nd negative (or right and left), which 
togeiber embrace all of is faces — i ‘ts 


ela, ane 
ere cites tees eatwatet tenimeeicert eee 


"The use of the word form ls defined tn Art. 42. 
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Toss 

sl an the att aantof the aymumetry in each ease. The latter 

‘od is systematically followed in this work, and the subject of emile- 

rise is dismissed with the brief (and incomplete) statements of this and the 
following paragraphs. 


Ow A 


Positive Tetrabedron Negutive Tetrahedron 


28, Hemimorphic Forms,—In several of the systems, forms occur 
‘under the classes of lower symmetry than that of the normal class which art 


characterized by this: that the faves present sre only those belonging to one 
extremity of an axis of symmetry (and erystallographie 4 

axis). Such forms ure conveniently called Aemimorphic 

Galf-form). A simple example under the nal 


system is given in Fig. 44. It is obvious that hemi- 
thorphic forms have no center of symmetry. 

39, Forms, —Ceyatal fe re al ob 
‘cua amon ln: ba sane por cer of 
Tie fea other, “The two types cannot be convertas! into 

ey any etal, btn rater fo each cer 8 ary 
Theright and left hand and are comnanly, therefore, devignated 
Asrightror lelChanded.For'an exumple, sce unde the quarts 


tbody” passes from the state of a fiquid or a jas to that of a solid, 
oder nh ois mt lo peel we mt i 
forces, result (s a crystal of some ite ty regarding symmetry. 
forces, the Tost aie" yhich can be mde newex that tha form ae 
ystal I determined by the way in Which the ators group themselves in 
Peaition of equilibrium under the action of the interstomio forces. 
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by a series of geometrical diagrams, showing the hypoth ings of 
2 erie of poinia. Such points may repreeat the rect gies: 


ints is named a lem, oF Datrentics 
Thay be defined as t nolwort of point ic df ta 
straight line drawn through any two points and continued will pass 

intervals through a succession of ants nnd the like condo il 


hold true for any parallel line drawn through any other sirsilar point, 
“6 


Lolerien dake pertip Caeahat $6 for two typical earee, which 


Sis ae oo 
ie nyntor. 
Tf, in each of th the figure be bounded by the sim} posi 
tof eight points, Gone rel ih 


important conchslons can be deduced ro 4 consideration 
of uch rear aolclas networks have been spoken of which wil bn 
‘enum dre though it is inposible 1 atenpt 8 va hall explanation, 


‘Thus in Fig 47, which represents a section cok eee oot 
symmetry to the structure of a normal orthorhombie eryatal, the commen 
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crystalline faces would be expected to be those having the position bb, aa, mon, 
{ail ne, nnd co on. ‘This is found to be true in the study of crystals, for 
the poramon forms are, in tiearly all eases, those whose position bears some 
simple relation to the anime axes; forms whowe positon is complet Are 
Usually present only as small faces on ‘predorainating forms, that 
js, as modifications of them. So-called vicinal forms, that is, forms taking 
The pince of the simple fundamental forms to which they approximate very 
al ‘in angular position, are exceptional. 


Orthorhombie Point System. 


(2) When a variety of faces occur on the same orystal, tho numerical reli 
tion existing between thom (that which fixes thelr position) must be rational 
and, as.stated in (1), ‘simple numerical ratio is to be expected in the common. 
trees This, ap explained later, is found by experience to be » fundamental 
law of crystals, Thus, in Fig. 47, starting with « face meeting section 
ion, would be a common face, and for it the ratio 1: 2in the directions 
Pan 'ag nn world be lao common with the ratio 2 : 1. 

(3) ira crystal shows the natural easy fracture, called elena, de to 0 
inininuth of cohesion, the cleavage surface must be a surfuen of relutively 
feat molecular erowding, that ix, one of the common or fundamental faces, 
Fis follows (and thus gives 4 partial, though not complete, tion of 
Glonvage) since it admits of ensy. proof that that plane in which the points 
see iosest together is farthest separated from the next molecular plane, 
‘Thus in Fig. 47 conipare the distunce separating two adjoining planes 
To be ot om then two parallel to mm, U, na, ele, .Lnstrations of the above 
Wil be found under the epecial discussion of the subject of cleavnge, 
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32. Kinds of Space-lattices. —A theoretical study of the arrangements 
of points in space 40 that the conditions stated above under the dafinition of 
‘sspnoe-inttioe would be fulfilled showed that there were possible only fourteen 
fuch networkn” These ngret "as to thelr ayenttry. With the wien aes 
dofined in Art. 24 as representing respectively the normal classes of the six 
Rrzaqoal ete, Of tho futon, ico pangs hae tc ee 
hes ‘4ystem. fourteen, tl ‘groupings belong to io 
aystem; two to the tetragonal; one each W the hexagonal and the rhombo- 
hodral;’ four to the orthorhombic aystem; two to the monoclinic, and one 
to the triclinic, ‘These fourteen different Inttices are represented in Vig, 483 
T represents the simple cubie lattion; 11, the body-centered euble lattice 


Spee Latte 


which consists of two cubic lattiogs interpenotrating in such n way that the 
foe, of the second lattice lie at the centers of the unit cella of the firet 

ttiee; IIT, the froe-ventered cubic lattice in which four cubie lattices inter 
penetrate; TV, 


prism lattice; X, the rectangular parallelepiped lattice: XI, the. body- 
tated Inttice; XH, the: ini lnttioe; 
eplece rovaneste: pallet’ Ge onorlinc pra lation 
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tural unite of a orystal, described as molecules or groups of molecules, 
and it is this structure that determines the crystal aystem, the axial ratios, 
to. But the space-lattice of a erystal doos not necessarily define its symmetry 
Glass. If, however, the positions of the individual atoms of the molecule 
fre conaidered, other nstworks, that do not conform to the definition of 
Space-iattioe as given above, can be formulated that will acconnt for all 
Possible ammetry clare Bohnke showed that by assuming two or more 
Kientical lattices to interpenetzate each other in such a way that one system 
of points could be derived from another by some definite movement, a total 
of sixty-five different arrangements, oF point-systems, could ba derived. ‘The 
movententa, known as“ coincidence movements,” by which one aet af points 
tan be derived from agother are of various Kinds, The sixty-five point- 

ems of Sohnke may be obtained by assuming movements, (1) through 

finite distance in geome definite direction (“ translation ”), (2) by a rotation 
of a given nuinber of degrees about a definite axis, (3) by’e combination of 
(1) and (2) in which there is « rotation about some axis scoompanied by & 
Inoverment along the direction of the axis (mich an axis is com alld 
ft ncrew-axia). "Those sixty-five point-rystems nocount for all but of 
the thirty-two nymmetry classes. ‘The tissing clases are thowe thit show 
‘enantiomorphous forms, of; in other words, those forme that have right- and 
feft-hunded relations to each other. _ In order to account for those classes i it 
hocemury to sume that we may have two interpenetrating polnt-eystems 
‘composed of different types of particles which have such charneters that they 
show enantiomorphous relations to each other. ‘Thess two interpenetrating, 
ppointeeyateme are Lo be derived from each other by movements which involve 
Thirrordike reflections, such aa a reflection over o plano, a reflection over a 
plane accompanied by n movewent (translation) of a deGinite amount and 
Firection, a rotation about, an axis with reflection over « plane normal ta the 
tain. o° Fpetiton about center of ely, By using such methods 
Gf derivation, Schoenflies, Fedorov, und Barlow independently and almost 
Simultaneously between 1860 and 1804 extended tho theory of point-eyxtems 
‘tnd determined that there were in all two hundred and thirty possible types 
Of homogeneous structure, In all these groups it holds trie that the arrang- 
Thont of pointa about any aingle point is always identical or posseaves x mirror~ 
ike similarity. Groth hag on the basie of this theory, of point-eystems 
defined s erystal as follows: “a crystal — considered as indefinitely extended 
caress of inlerpeneratng regular pont-ayatems, each of which it 
formed from simular atoms; each of these pointaystens is ball up from » 
Interpenetenting space-iattices, exch of the latter being formed from rimilar 
intone occupying parullel positions, All the space-lattioes of the combined 
System are geometrically identical or aro characterized by the same elemen- 


pire 
two hundred and thirty typos of structure can all. be grouped under 
the thirty-two aymmetry classes of cr; ‘From the point of view of the 
pa pher they are of ouly theoretical int but 
Ie he inetintin ft a ee. Aconpl epaline 

ods they aire of the utmost, practical ‘coniplete exposition 
me hair charsctors and nomenclature would be too complicated and extended 
to permit of ita inclusion here. In the table (Art. 28) in which are listed the 


symmetry olasses of crystals the point-group symbols of these 
dias are penn the Hat eymbel ls that usod by Sehocniies 
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the the Hilton and modified Wy ; the 
Shears armel prey on and odin Wr the 
following these symbols in the brackets ebow 
‘space-groups occur in various symmetry classes. 
Tho paras pacer ia ston le indicated by aang the proper ex 
ri ie ca ye re 
aa my re wr naan, he or cara 
The fe books either themsel with the of 
following ‘concern, ives wholly: ore theory 


Bagh, Rogar eel Rtdiatie Grit 
ad” Bee ew Herat Nese ar Tisalernpincben 
Keyotallaystere und Krystalltruhtur, 1891. ‘Theorie der Kristallteuke 


ae 

amperss zs 

gotten.” Cryntallegraphy std Practical ‘Messurenient, Vol. 1, Chapters 30, 31, 
w t. of Results 

Wp Peto ha wen mover 

prtnon of the various aytbol Liat sre lariat er eco sone 
uw Means of the —In 1912, 

about twenty years after the first formulation of the two and thirty 


lor 
in 1896 by Réintgen, arm produced by the rays emanating from the eathode 


in a vacuum tube when they fall upon a. anti-eathode. ‘The quantit 
wrrlength of the Xessys dena mn the metal of which the nite 
cathode is made. X-rays travel outward from the point 
lines and because of their very short wa to 
mubwtances to a rea 
film is like that of I aul 
and gases are 
through them. Physicists had come to believe 
electromagnetic 


experiment of 
-rayr through a crystal of sphalerite behind which 8 photographie plate had 
been placed, "Wea leveled, the plate not only a in 
ie chains hese the Sioa peneil of eam ried but it prin Wacbe 
1 lings oumber of smaller spots arraged sou tor i 

Pattern. Eich of these apute was due to the reflection of the 
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representation of the spot pattern produced when X-rays are passed through 
seryatal of potassium ebloride, sylvite, in a direction normal to a face of the 
cube, Each spot of the pattern indicates an atomic plane that corresponds 
{om pomsibleeryatal face The arrangement of the spots i controlled by the 
aymunetry of the crystal, although it should be noted that the spot. patterns 


Lave Diffraction Potter for KC) 


‘may indicate a higher aymmotry than that actually possessed by tho orystal. 
TThe spots vary in their Intensity, and this is due to a variation in the number 
of atoms present in a given arcs of the reflecting plane or to % variation i 
the reflecting power of the different kinds of atoms to be found in the given 
Crystal, Ag te cominaner erystal faces ure those in which the larger number 
GPatoma li such planes nro indieated by the darker spots. On the photo 
‘bh the spots lie at the intersections of ellipses, each of which passes 
the ‘center of the pattern. The spots from all planes lying in one 
pane will be found on one-ellipse. In Fig. 49 theye ellipses have been reduced 
sondrelos. “The central portion of the picture shows no spots. This ia due 
to the {net that the distances botween planes that have steep inclinations to 
the path of the X-rays aro less than the wivedength of the X-rays. Faces 
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tion in Intensity of the various reflections is indicated in Fig. 40, which is 
‘much idealized, by varistion in the size of the spots 
"The spots of the Laue patterns are duo to reflection of the X-rays not from 
‘single atomle plane but from a very great, number of parallel This 
‘necessary therefore that the succession of reflected waves all fall together in 
the sams phase of wave motion and 40 be able to reinforoe each other, or olse 
being in different phases they would interfere with each other and the wave 
motion in that particular direction would be destroyed. ‘The law for: the 
Tefetion of Xsaya is ven by the equation WA 2 i in which equals 
fome integer, ) the wave-length of the X-ray, d the distance between the 
Parallel reflecting planes, and @ the angle between the path of the X-ruy and 
The reflecting plane. ‘This law is illustrated in Fig. 51 where the series of 
X-rays A, 8, C, Dy 
aa rebcoted rom the series L 
lanes p-p at the 
ts By FG, 22 the de 
ection 7. ‘In the reflection . 
of Xraya to the 
Laue method the distance 
d for any given seties of 
‘atamio is fixed 
the value of @ is also deti- 
nite. In order, therefore 
to satay the equation and 
have refleetion taking place 
from any atomio plane it is 
to be able to vary 
the valve of &. In making Raiietian of Xrayn 
the Laue patterns it is there- 
fore necessary to use the so-called“ white radiation ” of X-rays which con- 
tains & an of vary Waye-lengtt, ono of Which will matiafy the con- 
titious cf the equation and yield a vores of rellocted yaves, all agreeing. in 
All antteathodes provide some of this general radiation in addition 
Petter own peculiar wave-length but in the ease of platinum or tungsten 
‘the amount of such radiation is at & maximum and these are the metals 
‘commonly used as anti-cathodes in making Laue pictures. 
ig. 82 gives dngrummatierepreeentation of the Lavo photograph ob- 
taint from n eryetal of halite, sodium chloride, Comparison of this figure 
With that representing the spot photograph of potassium cbloride shows 
marked differences. . 52 there are no spots at the intersections repre 
senting the plaues (801), (621), (541), (341), ete. Further, ‘the intensities of 


tion of these differ- 


on oo one concerned eatt be considered to.consiat of only one kind of ator, 
ae cpreacnted in Fg, 0. In sodium chloride, on the other hand, the atone 
ae ep codium and chlorine are quite diferent and i w result they reiloat 


for it (O11), 1) 1) either ail it or all 
Aopots i Fie BS, pile other platen (each Sais (OU) punlt eo 
‘The series of refi 


to other axes with corresponding differences in the patterns. Together these 
various patterns would enable ose to learn much concerning the atornic 
structure of the material studied. To be of use the Laue pictures should 
have.» deiaite and known erysial orientation. 
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stomie planes of tho crystal, the angles of incidence and reflection being 
equal. The position of the reflected beam is determined. by revolving an 
ionization chamber about the central axis of the instrument until the electro 
scope connected with it shows that the gus in the chamber has become ion- 
ined. ‘The angular position of the Tondention ‘amber whea bis happens 
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Xeeny Reflection in NaC 


of the beam of X-rays. The law of reflection of 
ikiven in Art. 35 and the conditions of reflection mre illus 
Sl. In this case, however, the wave-longth of the X-rmy has 
‘definite value, ‘Therefore in order lo have n series of raya rellected from the 
‘successive utomic planes it is necessary to have a certain value of the angle 0. 
“The length of the path of the rsy represented by BBY, for instance, must 
be one whole wave-length greater than that of ray A HJ, in order that when 
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interfere with each other and there would be no vi- 
With \ inown and 6 micasured, it is possible to calculate 
the value of d the distance betiveen the reflecting atomic 
layers ‘A similar reflection of the beam of X-rnys may take place at such 

‘angles us to make the difference in phase between the succession of 


“ 
Ka 

oe | 1 

os | l 

aw ie 1 
‘Nucl 

in | ! 


ig ES | 
Se eS TE ee 
X-ray Relloctions in KC} and NaCl 


eae 


reflected rays 2, 4, 6, ote., wave-lengths, or even 3, 6, 9, ete., wav 

‘These different reflections ‘are known as reflections of the firet, ers 
ete, orders ‘The orientation of tho crystal planes from which the, X-rays 
fie'roflestad ust be known. By changing the poition of the crystal the 
Siegal caccere lh orgs are ony xn plan 
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orders of reflection are shown. From the observations with potassium chlo: 
Fide it was pomsiblo to calculate the value of d for the three sets of planes snd 
ft was found that the ratio was y+ 7 Gag 7 Ni VE VE This ratio 
‘satisfies the conditions found in the simple cubic lattice. Fig. ‘S5A, repre- 
Seats eight unit cubes of this Isttice. ‘The disgonal planes, , By and C 


through this lattic are parallel to the dodecahedron (110). The dis- 
Gizounl thie ntln oe neal ua ir pool! the fees diagonal BO 


of the unit cubic call; therefore day = 28%, ty Fig. 55B, tho octahedral 


planes 4, B, and C are indicated in the same cubic lattice. Tho A 
And B divide the body diagonal O-C of the unit eube int thirds aa jeated 


If we let 


these three interatomie distances we may derive the ratio g°> = gt go = 


1:9: 9/3, agreeing with the ratio obtained from the X-ray” messin 
TeNe, in tss'way ius shown that the alone arrangement of potassium 
‘chloride was that of the simple cubic Inttce.. 

ig. SOA shows eight tnit oella of the face-centered cubic lattice. In- 
spection of the figure will show that dog and doy are the sume na in the oubie 
ieitce, Pig. SSA But of th ootahedal planes shown in Fig. SSB, only the 
plane B appears in 66A, and the spacing between such just be 
twice as great as in the first ease, Therefore ‘the ratio of 


tome distances for the faoe-centored cubie latte Ie hos got gh = 


vad. Fig. 56B shows the body-centered cubie lattice and for this 


Teor tes, 
the ratio will become 5 7355 da 
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‘The X-ray reflections obtained from sodium chloride, indicated in the 
lower half of Fig. 54, show certain interesting diferences from those of pot: 
sium chloride. “In the ease of the (100) and (110) planes the reflections are 
similar but at a slightly greater angle in the ease of NaCl, indicating that in 


A B 


Als structure the distances diy and diye are 1 little smaller than with KCI. 
Tn the cuse of the reflections from Hlel to (111), while thore is 
refloction at an angle similar to the first refleotion in the ease of KCI, thero is 
alto another reflection in the case of NaCl at one-half the angle. ‘This in- 
‘dicates that the spaciny of the acta 
hedral planes corresponds to that of 
the face-centered cubic luttice. in- 
‘toad of the cubic lattice, ‘The first 
reflection from the ootahedral 
in NaCl is of loss intensity than the 
second reflection. This is contrary 
Intense the necting pases 
ies when the ref Innes 
are all of the same character. In 
onder to nccount for there facts a 
structure for NaCl ie assumed liko 
th hown in Fi, 57 the old dota 
representing atoms wl 
the circles indicate Wecerot eras, 
or vice vers. It will. be noticed 
that the sodium and chlorine =e 
alle Berartice of ‘considered separately are placed 
L eae Toe-centered cule lattices, the two 
Inttices interpenetrating each ther to form a simple cubie lattice. “Note 
that planes parallel to either (100) ar (110) show both Na and Cl atoms alter- 
nating with each other, therefore these eared tree have uniform powers 
Of reflection. On the other hand, the oct planes, two of which are 
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In eto NaCl tho atomie weights are diferent (Na = 23, Cl = 35.5), 


For this reason it is possible to obtain reflections from alternating planes at 
‘a-ainall angle tinder conditions whieh would. produce complete interference if 
ti panes hind the sme reflecting peer. But becuse of is parti inte, 

intervening planes the intensity of this 
Stnall angle reflection is ditninished, In the ease of KCl the two elements 


planes, As far as the X-ray is concerned KCI might be composed of uniform 
Atoms arranged on 8, stn cubic Inttice, Fig, 57, however, represents the 
ure of 


struct ith KCL and NaCl. 
“These differences in the reflections between KCl und NaC} prove that it is 
tho atoms thet are ‘at the points of the lattice and not the molecules. 


Uf the latter wees true, all reflections from Uhe two substances would be similar, 

‘From meastiremonts of this kind it is possible to ealeulato the dimensions 
and volume of the unit coll of the atomic structure. In the ease of the salts 
considered above, tho volume would be dei. | From the known muss of the 
Tholocue and the specific gravity of the minoral it fx possible to eafeulnte the 
ase por unit volume and 90 determine how many unit cells. one molecule 
Tuust peoupy. In the ease of KCI and NaCl, this mothod yields two unit 
Galle for ench molecule. ach corner of the ‘unit cube of the structure is 
Ccoupied by one atom, but each corner is shared equally by eight unit cubes 
go that one eighth of each atara belongs to the enclosed unit eube or one ator 
ta-each unit. It will therefore take two unit cubes to contain the molecule 


X-ray Investigation. I, The Powder: Method, — 
In the methods proviously described it is necesary to have a crystal suth- 
Clently lunge and perfect in order to enable one to orientate it with accuracy 


we and Scherrer and by 
eylindrioal tube of celluloid or glu is filled with fine crystalline powder af the 
niaterial to be studied. In some euses tho powder la pressed or cemented into, 
tislender rod and the tube can be dispensed with. ‘The tal 


tions will possess octahedral planes at the proper angle to the path of X-ra 
Trunder to give Fise to a series of reflections. ‘The angular position of 
fellection depend upan the wave-longth of the X-ray and upon tbe span 
hoe ees for Ring 
bother series of eryst pl the planes woul 
different in each gk ‘various reflections will spread out from the 
tder tube Ta the form of cones and would meet a photographic plate placed 
Pow to the incident beam of X-rays in a series of concentric circles. As 


Cy 


Diagram of « Powder X-ray Photograph of Aluminum 
horizontal line is used and uj m this the reflections nj practically as 
written he oe ht in al pt 
‘ heal of a 
mie ponte int ities of the reflections the 


rays and fram these angles and the varying 
struchare of tho sibatanoy is dl ic. For instanon the reflections okt 


from tho three different cubic Inttioes would have the relations shown 


Dingrams of Powder X-ray Spectra tor Iuometeie Structures 


in Fig. 80. The refloctiona show difforent groupings in each case and a sully 
of the powder h of un isometric substance would show to. which 
Inttice it belongs, 
— In this method a erystal is mounted 
some known eryatal- 
axis, A”hori- 
rected upon the 
phic plate ix i 
cirelo about, 


a 

i 

Z 

i 

i 
gbate 
iteFe 
EEEFee: 
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to the right and left of the center of the 


n photograph. All 
inclined to the axis of rotation ‘will have their rofledtions lying 
‘axis coincides with Mian of oles the 


EpEerig? 
ae 
pirate 
halt 
E 5 


a 
Fiation-photographof NaCl, Diagram of » Rotation X-ray Phitograph of NaCl 
) 


e phic axis being (Axis of Rotation parallel to Crystal Axia 
the azis of rotation ie 
Mn The Oscillation Method. — This is a modification of the rotation 
hod, Instead of turning the crystal on an an 
‘360° it is turned back and {¢ angle of about 3 from a known 
ponition. .-A beam of X-rays with uniform wave-length is the spectra 


iaced behind 
ric ante of oselllation and normal to the incident X-rays. | Tho 
Parte tglitograph sl be like tho right or left ha of rotation photograph 
fod the same methods of calculation are used in the two euses. 
3B fal Structure a5 by the Use of X-ray 
jethods, interesting “exunples of ‘that have 
bean worked out the ws of EAS eth Lack of space Wil per 
mn ity met it 
aly the reealta of the investigations to be eiven. 
ye alrite. Thi Was te manera fret examined by X-rays by Pate 
Heat estited In Fig. OL. ‘he soll eiveles might indicate the 
es structure etre arranged on s face-centered cable lattice. “The hollow 
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representing sulphur atoms, lie on a similar Ixttice, interpenetrating 
Set which cat be ese Bee iy ene eee Ue 
of the cube for a distance equal to one-fourth of its length. The 

ef direetion and amount of move- 


tl 


ment in order to ‘one 
Inttice Seem the other lads 


‘were represented 
Su weccaahoresa Maas: 
oo of the dinmond structuro. 


orientation of 
imagined 


structure, If it i 
that this figure is indefinitely extended jt will be seen that tho structure is 
‘much that each eurbon atorn ley at the center of x group of four other atoms, 
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mond structure. On the other hand the distance between successive layers 
is unusually large, about two and one-half thnes the spacing in the layer 
iteelf. ‘The wide spacing of the layers undoubtedly accounts for the foliated 
finueture and basal cleavage of x 
fraphite, while the close-knit struc- 
ture of the individual layer secounts 
for the fact that graphite eamat 
readily powdered but separates 
rather into minuto flakes. thie is 
the property which makes it such 
lubricant. It is interest 
also to note that in both diamonc 
fund graphite the easbon molectles 
ure arranged in hexagonal rings, a 
kind of atomic grouping long recog: 
nized ss characteristic of carban in 
Grganie compounds,” Another ine 
{creating {uct Is that if the distances 
hetween the warped texagonal rings 
of the graphite structure be short- 
ened a structure very similar to that 
af ihe durond en be derived, 
lworile. — 4 Burueare of Graphite par to Base 
the siruetureof fluorite, in whieh the ee 
ealeium mms lie at the points of » fnce-centered cubic lattice, while the 
fluorine atoms lig at the eenters of the eight stall cubes that compose one 
erie the i pyrite is similar to that of thiorite, the i 
5 Piprite. — The structure of pyrite is similar to that of fuorite, the iron 
atoms lying on a faemcentered cubic latte, but tho aulphur ators instead 
oo of ying, ot the center of the ht 
small eiber, lien a body diagonal of 
{tach of the suall euber_ at a pola 
tine-ifth of the longth of the dago- 
z nal from one of ile ends, Fig. 06 
= 4ST hig ‘Attempts to show this nerangement. 
ti “| ‘The top view shows the distribution 
| LS) of the ‘atoms and ‘clearly indicates 
SJ] hy prt tena fon ta elas 
of lower aymimetry thn thiorte, 
6. Calcite — Fig, 0 attempts to 
show the ntomic arrangement of eal- 
be cite. The caleium and carbon atoms 
s lievon interpenetrating rhombohedral 
= Inttioes und thelr postions are analo= 
Rous to those of the sodium and chlo- 
Fine flonan the etrytre of lite 
Ruan nermase rao (compare Fig. 87). Except for t 
é fret Het ibe tnd all for catalan 
thombohedron instead of a cube, the two structures nre identical, It has 
heen possible with ealeite to place the oxygen atoms in the structure, 
are yrouped in sets of three nbout the exrbon atoms, nnd they all le in the 
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t 
three of 


vertical 
The 
uppermost planes of the figura 
(Gesignated by ’,", nnd!) is shown 
in the horizontal projection. 

q ‘The above iMlustrate 
some of the sarier andalmpler sinus. 
tures that were studied by X-ra 
mothods. Many other 

x Co 


have been examined, some of them, as in the ease of various silicates, of 
considerable complexity. It ie impracticable to adequately treat sual sist 


W.-H, Drage aod W.L-Brage, Xruye andl Crystal Structre, 1024. 
WE Bee ho tran Coa 20, 
SEW. G: Wyennk The Setchare of Crys, 198 
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GENERAL MATHEMATICAL RELATIONS OF 
CRYSTALS 


89. Axial Ratio, Axial Plane. — The crystallographic axes have been 
defined (Art. 22) na certain lines, the position of which is usually determined 
by the symmetry of the crystal and which are used in the deseription of the 
fnoes of crystals, and in the determination of their position and angular in 
alination. With these objects in viow, oertain lengths of those axes sre ne 
sued aunts to which the ogursng tees are referred. 

‘Tho axes are, in general, lettered a, b, ¢, to correspond to the scheme in 
Fig. 67. If two of the axes are exqal, they aro 4, 4, ¢; If the three 
‘ure equal, a, a, a. Tn one aystem, the hexagonal, therv are = 
four axes, lettered 4 4, 4, ¢, 

Further, in the systems other than the isometric, onis 
of the horizontal axes is taken aa tho unit to which the 
other uxes are referred; henoe the lengthw of the axes ex 
press strictly the arial ratio, ‘Thus for sulphur (ortho~ 
thombio, eo Fig. 67) the axial ratio is 


a:bse= 08131: 
For rutile (totragounl) it is 
a:e= 1: 068415, or, simply, o = OO4415, 


plana i ents ltd bye thts esa panes 

5 I ee 

{En oelant, since the total apnoo about. the center i thus Ys teosiy ong 
divided by the three axes into eight parts. In the bexago- _ Crvstal 

nal system, however, where there are three horizontal axes, the space about 


9084. " 


the center ix divided Into twelve parts, or secfants. 

40. Parameters, Indlcet, — Parameters. The rs of 
4 plane consist of a series of numbers: which ‘the relative intercepts 
of that upon the eryatallographie axes. ‘are jgiven in terms of 


the established unit lengths of thowe axes. For example, in Fig. 68 lot the 
lines OX, OY, OZ be taken as the directions of the crys Fic axee, and 
let OA, OB, OC represent theit unit length designated (always i the fame 
order) by the letters a, b, ¢. ‘Then the intercepts for the plane (1) AKL 
are OH, OK, OL; for the plano (2) ANM they are 0A, ON, OM. But in 
term of the tinit lengths of the axes (hese give the following parameters, 


(1) das db:4e 
and @) ta: fb 220. 


It I to be noted that sinoe the two HKL and MNA are parallel 
to each other and henoe crystallographically the same, these two sets of 
iters are considered to bo identical. Obviously each of them may be 
into the other by multiplying (or dividing) by 4. 
Indices and Symbol. — Simplified and abbreviated expressions which have 
been derived from the parameters of a erystal form are commonly used to 
give ite relations to the crystallographic axes. ‘These are known as indices. 
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A number of different methods of deriving indices have been devised and 
several are in tise at present. The so-called Miller indices are most. widely. 
employed! and will be exclusively used in this work.* Below, « deseription 
‘of the other important aystems of indices is given together with the neces 
sary directions for transforming ane type into another. 

‘The Miller indices may be derived from the parameters of any form by 
tuking their reciprocals and clearing of fractions if necessary. For instance 
take the two seta of parameters ns givan nbove. 

Q) Yo=W=4e, and (2) ta: $20 

By inversion of these expressions we obtain 

Q) 4028):26, and (2) a: dbs de 
In the ease of (2) it is necessary to clear of fractions, giving 
(2) 4a 286320. 


‘Tia tndisn oF thie foe: tiem. wre din 8b t,he lier tndionting the 


different axes are commonly dropped and the indices in this onse would be 
oe written simply aa 432, tho 

intercepts on the different 

axes being indicated by the 

order in Which the nutnbers 


8B genural expression fr 
expression fro- 
quently teed for the inlees 
of m form belonging 10 any 
crystal aystem which has 
Lirge crystallographic, axes 
i. In the hexagon 
tem, which hina fouraxos, this 
‘ocomes hkil, Ifthe param= 
ters of form be written 
#o that they are fractions 
with the numerators alwass 
unity then the denominators 
will become the sume a8 the 


‘The symbol of 0 given 
form is the indices of the face of that form which has the simplest relations 
to the erystallograpiic nes.” ‘The nyinbol ls eoaxmonly ined to designate the 
jole form. 
‘Various examples are given below illustrating the relations between param= 
eters and indices. 


* Ty thie hi tem the jnfiees wel ire howe Y 
2 fiero aps soe re those aulapted by Brava after the 
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‘Parameters ‘Millar's Symbol 
Pa} wtecwbse= oat 
<Wifirk me 
= eitbre= Or 


startles 210 
Sheribsde 100 


If the uxinl intercepts are measured in behind on the a axis, or to the 
ita m the b axis, or below on the ¢ axis, they are called negative, and » minus 
in placed over the corresponding number of the indices; 88 


Parameters Tnckoes 


ah 


elae horizontal wala 
6 Ba, or 9” for tho 
ram face 


Tuove aul there Me rprgentn 
‘wuunpes are given in the table below, J. Dana imhed tho Numan 

Hie sujatition w hepbun for the letter foe O ant for the afny ai, 202k 
Aloviguatad tie fudauntal year for alnpty ty When the daly pueneoierdter- 
ie fom ty wa that apie rr he inept tow th Wein Wi 
arte ane orang ih yr ace havi th qari to i tT 
Miler nae gn th Mi ce ond ogy is eae ora 
4 i in ‘onder, inverting an then clearing a tne 

ame” ‘Coldscksid tas proposed anotiiernotbon of derive Vadis, "im how the ad 


EXAMPLES OF INDICES ACCORDING ‘TO VARIOUS SYSTEMS OF 


NOTATION 
oa ee ee 
zie) § |S 
we w mm 
ee | a Nest | es 
26) Hola |e 


Spares tm rn eign el a. tn 
ni at hn i ty 

eh mera teeta es hes Figen matin wt 
Bes tinct ach win eater ee 


4 crystal can always be expressed by rational numbers. 
Fieee igiee may be 2, 21, 2:8, 1 


If the form whose interoepts on the axes a, 6, ¢ determine their assumed 
unit lengths — the wait form as itis called — is well chosen, thesp numerical 
Values of the indices are in most eases very simple. In the Miller symbols, 
Gand the numbers from 1 to 6 are most common, 

oa ‘The above law, which has been established as the result of 

experience, in fact follows from the consideration of the molecu 
lar structure as hintod at in an earlier arngraph (Art, 31). 


Ze) of the several aystems. Tt will be seen that in the most general 
h case, that of » form having tho symbol (kd), whose planes meet 
the resumed unit axes at) unequal eng 


sd two in the Yelle tn die eae the faods named yield ant 
enclosed solid, and henco tho form: is called a elosed forms lu tho remalning 
‘two systems this is not trie, and such forms in théve uhd other tases are 


~ 


Banal Pinsooid 
(oo) 


‘The unit oF fundamental form is one where the parameters correspond to 
tho assumed unit lengths of the axes. Fig. 69 shows the unit pyramid of 


* Thin normal class in roferred to in each enae. 
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uit whose symbol is (111); it hie eight similar faces, the position of 
i ep Perdana etarraraico 
‘The form {a the troretric aynern have npeca! Invi wagnes glen later To the 
fertain general naten ary exmpoyed ia ha book whieh 
Asc ere AT hows fees re paral Oe a hw oes mca a saasod (a 


a n 


Dome Dome 
(101), (00) (O18), (OK) 


5 LOL) at (C21) are dosven; 
cle form. “The re 


the wyrtol of 8S 
100) "ori nny be 


43. Zone. — A zone includes « series of faces on a crystal 
whose interseetion-lines are mutually parallel to each other 
‘and to.« common line drawn through tl eenter of the ery 
tal, called the zone-azis. It follows that all edges between 
‘the feces that tie im the same zone are mutually parallel to 
each other and to the zone-axis Some simple numerical 
relation exists, in every case, between all the faces in a zone, 
which is expressed by the zonal equation bad Art. 60). The: 
Tacea m, 9, (Fig. 74) are in anne, also, band B, 

If a face of a crystal falls simultaneously in two zones, it 
follows that its symbol is fixed and can be determined fram 
the two zonal equations, without the measurement of anglew, 
eS BE AD Site Arbre = 

ve intersection ‘two zones is always a orystal 
face, that is, one having rational values for the indices whieh 
define its position, 


‘In tho tetmgonal wyetem the form (100) le, however, called  prium and (101) a 
pyramid: 


48 ‘CRYSTALLOGRAPHY 


In many cases the zonal relation i obvious st sight, but it ean always 
be determined, as shown in Arts. 60, 61 by an easy caloulation, 


Allustestions will be given after the methods of representing 4 erystal by the various 
projections have been elaine. 


44. Horizontal Projections. — In widition to the usital perspective figures 
of crystals, projections on the basal plane (or more generally the plane normal 
to the prismatic zone) aro very conveniently used. - These give in fact « map 
of the erystal as viewed from above looking in the direction of the axis of 
the prismatic zone, Figs. 30-33 give simple examples, In those the suc- 
cessive faces may be indicated by accents, as in Fig. 74, passing around in the 
tion of the axes a, 6,3, 
that. is, counterclockwise, 
{nth constuction of thew 
projections see Appen 
46, Spherical Projec- 
tion. — The study of netual 
cerystuls, particularly regard- 
ing the’angular and sonal 
lutions of their faces, is 
much facilitated by the tse 
of various projections. "The 
simplestof these nnd the one 
from whieh the others may 
bbe derived is known as tho 


epherical ion, 

Tn making a! tobe 
projection of n erystal it is 
summed tat te eyata is 
within a sphere, the center 
‘of which coincides with the 
center of the erystal (Ee 
the point of intersection of 
its crystallographic axes) 

Spherical Projection (ater Pete) From this conmon center 

normals are drawn to the 

successive faces of the erystal and continued until they meet the stirface of 

the sphero. The points nt which these normals (ouch that autfuce lorate the 

poles of the respective faces and together form the spherieal projection of the 

erystal, The method of formation and the character of the spherieal projec: 
tion are shown in Pig. 76, 

Ttis to be noted that all the poles of faces which lie in the sume soe oi the 
crystal, (.¢. faces whose intersection lines are tmutually parallel, fall upon the 
ssatne great circle on the sphere, This is illustrated in the figure in the case 
of the zones a~d-a and a-o-d. Conversely, of eourse, all faces whose poles 
fall on the same great circle of the spherical projectian must lie in the same 
fone. A faco whow pole fall ut the intersection of two oF more great cirleg 
lies in two or more independent zones, as for instanos o(1t1), in Pig. 75, The 
angular relations betwoen the faces on the erystal nre of course preserved in 
the existing between their respective poles on the spherical projection. 
‘The angles between the poles, however, are the supplementary angles to 
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those between the faces on the erystal, as shown in Fig. 76, ‘The eupple- 
mentary angles are those which are commonly measured and recorded when 
dying m orytal (see Art, 245). 

1 spherical projection is very useful in getting a mental picture of the 
relations exiating between the various faces and zones upon a eryatal but be- 
‘cause of its nature does not permit of the close study ail 
‘and accurate measurements that may' be made on the 
other projections deseribed balow which are mmade an — 


itereographic Projection. — ‘The stereo. ont 
phic projection may be best considered as derived 
from the spherical projection in the following man- 
nar. The plane of the projection is commonly taken 
ts the equatorial plane of the sphere. Tnanginary lines 
are drawn from the poles of the sj ical projection | 
to the south pole of the sphere. ‘The points in which 
those lines pierce the plane of the equator locate the poles in the eae 
[Synge ‘The relation between the two projections ix shown in Fig, 77. 
ig. 78 shows the same ste hie projection without the foreshortening 
of Fig. 77, Commonly only the poles that lie in the northern hemisphere, 
including thowe on the equator, are transferred to the stereographic projection. 
i Kiger facts es 
ng tho atersograpile peo 
ection need to be noted. 
ts mont important charac 
ter is that all cireles or cir 
ular urea on the epherical 
projection are projected as 
Eat on the 
Mercographic.projeation, 
ho ae Pett 
tal faley Whine ase paratel 
to the vertical erystallo- 
Graphio axis fall on the 
Gunter of tho spherioal 
profection and ooupy the 
si onan sere 
ographio projection. The 
pole of » horizontal face 
re fall at ee caer of 
‘the stereographic ijee- 
tion,” Alfnorth nnd south 
Imerdlans of te spherical 
projection will appear as 
Relation between Spherical and Stereographic Projections Straight radial Bost 


atereographie 
ie. as arcs of circles having infinite radii), one lon ep 
‘eal projection, as already stated, will be transferred to the as 
‘circular ares. ' Examples of all theso ure shown in Fig. 78, 
* Kor proof of thin statement see Penfield, Am. Jour. Se, 12, 10, 1001. 


ow 
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‘The angular relations between the poles of the various faces are 
in the stereographic projection but the linear distanoe ing to a 
degree of ure naturally increases froin the center of the projection toward ite 


clroumference. “This is illustrated in Fig. 79 where the circle represents 
‘yertieal section through the ene projection and the line A~B represents: 
the trace of the horizontal plane of the stereographio projection. A: paint 


a 
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20° from 1 on the sphere is projected to the point a on the stereographia 
jection, a point 45° from N is projected tod, etc, In this way a protractor 
Gan bo mid yea of wi dita mth bent of the 
stereographic projection ean determined. Fig, 80 representa suc 
& protractor which was devised by ML* ‘The mathematical relation 
between the linear distance from the center of the projection and its angular 
‘value is seen by study of Fig, 79, If the radius of the circle of the projection 
{fs taken aa unity the distance from ite center to any desired point is equal to 
the tangent of one half of the angle represented. For instance the distance 
from te center to the point is equivalent to the tangent of 10%, to point © 
tangent of 35°, ete. 

Fig. 81 represonts a chart used by Penfield for making stereographic 
wojotiins, the crs ban a dhamnele et 8 em. nal i paneer eros 
grees. With it go certain soalos that. are very useful in locating the desired 
points nnd zonal circles. ‘These will bo briefly described Inter. 

For detailed descriptions of tho principles of the stercographic projection 
and the methods of itn tse the realer is referred to tho various books and 
articles, the titles of which are given beyond. It is possible here to give only 
4 brief outline of the tore important. methods of construction used. 


twit ete Se ee abl 
mi ries toegee 


(1) To locate the pole of a face lying on a known north and south great efrele, 
‘ts angular distance from the center or a point on the circumference of the prom 


jection being given, — Tho aphie protractor, Fig. 80, or the ts it 
Telation ae staled Above, ie tn pe ‘distance, "The polos labeled o io: 
metric octahedron), Fig. 78, may be located in this way. 

(2) To locate jection of the are of a great circle which ia not a north 


« 

and souk meridian or the equator. —'The projections of three points on the 
tre must be known. Then, since the projection of the circle will be still 
circular are, its position ean be determined by the usual geometric eanstruc- 
tion for w circle with three points on its arc given. If, as is commonly the 
tase, Une points where tho great circle eroses the equator and dhe angle it 
makes with the equator are known it is possible to got the radias of the pro 
jected ate direetly from Scale No, 1, Fig. 81. ‘The location of such desired 
fare ixshown in Fig. 82. ‘Theres shown in Fig. 78 were also located in this way, 
> ‘and the other protractors and scales ured by Pea 

aid Hee The Slee Latico the Sided Scenuls onde Va ine 
verity, New Haven, Cooneetic, 
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point 
Serene ofthe projection being Brown. — The jected are of a small vertical 
‘irele, thoes fale i tae own angle, Beh nour cha pola ox toa a 
‘cumferenoe of the projection and since all points on thia arc must have the 
required angular distance from the given point, the intersection of this circle 
with the known great circle will give the desired point. ‘The radius of the 
projected are of the small vertical circle can be by finding the 
position of three points on the projection which have the required angular 


‘Lonation of the are of » great circle in the: ihie Projection at 
ne cane pee spine 


ts, of Seale No, 2, Fig. Sty the required rang obtained directly, Te Is 
to bo noted that the known point on the dreumferense of the projection 
while the stereographic center of the small cirele, #8 not the actual center 
the projected arc... 'The center will lie outaide the circumference on a con 
tingation of thio radial line that joins the given point with the center of the 

rejection. Therefor, even if ube radius of the requ aos take, from 
Rite No. 2, it will be neceasury to establish at least one point on the re- 

uired elrele in order to find its center. "Those mnethods of construction are 
illustrated in. Fig. 83, in which the pesition is dotermined of the pole r (so- 
metric trapezohodron) which lies on the great circle pasting Brg the 
Beles a Gmc ce) ‘and o (isometric octahedron), and makes 
angle *) with a. 

1a) To locate the portion of the ole of 1 face yivon te engl btwn i ant 

too other facee whose poles lie within the divided ‘cirele. — Circumseribe about 
the poles of the two known points small circles with the proper radit and 
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ct 

the desired point will be located at their intersection, The two small circles 
may touch at only a single point or they may intersect in two points. In 
the lattor caso both points will meet the required conditions. |The positions 
cof the projected small circles are readily found by drawing radii the 


Tocaton of pole of trpeanhedron, n(2it), ia Btermagrphle Projertion 


enter of the projetion through dhe two known pales and then laying of on 
these rndii points on either side of the known poles with the required angular 
distances, "Tho eonter is then found between these two points in each ease 
and a circle drawn through them, The line of this circle will then be every 
where the required number of degrees away from the known pole, "The re 


‘Location of two poles of hexoctahedron, «, in Stereographiec Projection 


‘quired pointe may be found readily by means of the Stercographic Protrao- 
tor Fig. 80, remembering tha the nero point on the protractor must always 
let the center ofthe projection, "This onstruction i lusrated in Ei: $4, 
{in which the points # (isometric hexoctahedron), are 22° 12° and 19° 5 
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to bo noted here, also, that while the points 0 and dare the st 
centers of it them, ‘centers are points which are 
hat farther out from the oetter of the projection. 
(5) To measure two given points on the va 
"Tf the two points lie on the circumference of the projection the 
a 


a | 


ereeapha Pernt, ving in elves of ever ala gre (cond ity 
‘Ea Polls ovo oooh ‘ 


‘es DT (iki) 

Singh Prorat ving nal cn or exer dpe mow fe «ee pint 
turn it about until the required great circle ts found. Note the points where 
this citele intersects the circumference of the projection. ‘ion pinea 
‘sceond, 3k protractor on which small verte, cries area 
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(0) To acnure th anae tien the aren of tuo greater on Ue re 
iphic projection. — This is most conveniently. accomplished by construct 
the aro of a great circle which shall have s 90° radius about the point ab 
which the two ares in question cross each other and then measuring the 
‘angular distance between the two points at which they intersect this great 
circle. Fig. 87, after Penfield, will serve to illustrate the method, First, if 
ies wich ghee th ubase Lerveon the sided ate sen tie it 
the great circle that orosses it at Cit is only necessary to draw 4 straight 
line through the center of the projection, N, which shall interseot the divided 
circle at points 90° distant from C. This line will be the projeotion of the 
‘aro of 1 great. circle about the sphere 
‘at 90° distant from C, ‘The angle nt 
is then determined by measuring with 
the stereographic protractor the angle 
Dotween wand o, 

In the case of the angle between 
two great circles that meot at some 
point within the divided circle as at 
A, Fig. 87, it is nooessary to construct 
the projected are of the grout circle 00° 
distant from this point, This is dono 
by drawing the radial ling through 
mt measuring: ci ihe ciate. 
Kraphio protrnetar un. angle of 90° from 
A to tho point B. ‘The required are 
will pass through’ this point and the 
points p and p’ which urs each 0° 
sway from the pointe at which the ine 
A-N-2 crossesthe divided circle. The 
angle between = and y meniured on thiv great circle gives the value of the 
required angle at A. ‘This ix most, readily mengured by the use of the trans 
parent, protractor showing small circles, Fig. 86. ‘This is placed across the 
projection from p to p' and the nngle between + and y read directly from it 

‘Wolig haa described a sereographic wet, whieh gives both grea nnd 

ronal eirlea for every two dagroc, Over thi i plased a sheet of tracing 
pare non which tho steoogrophie projetion is mad. It the paper is 
fastened at the center of the drawing 40 that it can be turned into various 
Pexitions in respect to the stereographio net below, the various great and sraall 
circles needed can be sketched diroctly upon the drawing. Or the required 
points ean be transferred from the net lo x separate drawing by means of 
three point dividers. * 

Examples of the use of the stereogeaphic projection will be give later 
‘under each crystal ryster, 

47. The Gnomonic Projection, — The characters of thy ghomonie pro- 
jection can best be understood by conidering it to be derived from the 

ical projection (see Art. 45), Tn the ease of the gnomonio projection 

© plane of the projection is usually taken ae the horizontal plane which 

es tangent to the north pole of the sphere of the spherical projection. Ti 
lines are then taken from the eenter of the ephere through the 

tho erystal faces that Iie on it sirface and extended until they touch the 
plane of the projection, ‘The pointe in which these lines touch that plane 
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constitiute the gnomonie projection of the forms represented. Fig, 88 shows 
the relations botween the spherical and gnomonic projections, vsing the same 
ffougotrie cryetal form (eu, oclahedton and dovdecaledroa) aa’ were em- 


Ghiomonic Projection af Cube, Octabedron nnd Dodecabedron 


peel to illustrate the principles of the Stereographic Projection (Art. 46). 
80 hows the gamonic projection of the aan eof forms. 
"The following features of the gnomonie projection are important. All 
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fat ices on the apherical projection become stright lines when trans 
ferred to the gnomonic, The poles of a series of erystal faces which belong 
in the same zone will, therefore, on the gnomonie projection, lie on a straight 
line. istinetion between the st le nid gnomnie pro 
jeotions will be readily seen by a comparison of Figs. 78 and 89. The pole 
‘of « horizontal crystal face (like the top face of the eube) will fall at the center 
of the projection. The poles of vertical crystal fuces will lie on the plane 
of pro) only at infinite distances from the center. This is shown by 
ideration of Big, 88. Such fices are commonly indicated on the pro- 
Jeotion by the tse of radial lines or arrows which indicate the directions in 
‘which their poles lie, ‘This is Hustrated in the ease of the vertical cube and 
dodecahedron feces in Fig. 89, Crystal noes having s steep inclination with 
the horizontal plane 

” :tutat frequently be indi- 
4 cated in the same way. 

A. siinple relation 
exista between (holinear 
distaneo from, the cen 
ter of the projection to 
given point and the 
‘angular distance ropro- 
‘sented. ‘This is shown 
in 90 where the 
circle is assumed to be 

& vertical crows section 

of the sphers of the 


herieal projection und 
thetine 4-1 ropesanta 
: the trace of the plane 

: of the snomonie projec 

tion, Tt is evident from this figure that if the radins of tho circle is taken as 
unity the linear distances N-a', Vt ee, are the tangents of the angles 20°, 
85°, ote. emer in the gnomonie projection the distance of a given 
Ne from the center of the projection, considering tho fundamental distance 
-N, Fig. 0, to be unity, Is equinl to the tangent of the angle represeatod. 
Tn the ease of the stereographle projection this distance ts equal to the tan- 
gent of one half the angle (see Art. 48), ‘The stereographic scale, used in the 
stermographic protractor, Fig. 80, otn therefore be adapted for use in the 
fmomonie projection by ‘taking the point on it reading at twice the desired 
angle. ‘The simplest method of plotting, however, is to make s direct use of 
the tangent relation, ‘The distance O-N, Fig. 90, is taken at some conven 
jent longth and then by sealipi ving this distance by the natural tangent of 
the angle desired the linear distance of the pole in question from the center 
of the projection is obtained,  Froquently the distance O-N is taken sa 5 em, 
In making  gnomonic projection a circle is commonly drawn about the een- 
{er of the projection, known ax the fundamental circle, with x radius equal to 
this chosen ioe. Points that have an angular distance of 45° with the 
center point of the projection will lie on the circumference of this circle, 
Comumonly aso the gromonic projection, is surrounded, by s square bar. 
der of two parallel lines on which ar indicated the diteotions in which 
Ne the poles that cannot appear on the projection. because of the vertical 
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hate inclined position of their faces, ‘These characters are shown in 


To measure the angle between two poles on Ue ic projection. — In 
Fig. 91 let Ay and, Ay be any two points the angle Petween which ts desired. 
Pirst draw a straight line through them or, in other words, find the direction 
of the zonal line upon which they 
Ve Next erect, the line Q-A per- 
pendicular to this zonal line and 
passing through the center Q of the 
ection, Qn thls Une establist 


as the: 


° 


Pram oh eres te 

Fonte a i at tna quo, Ts 
ingle eh oUetalienmaGaelia, wader 

ae a eet oes poles tie aban lnficte dlstanoa 

the projection is itself the unglo-point, 


The ion of the above method be ae fi In Fig. 92 let the citele: 
as a a anh the ered Heh 


Pre teeta the plane of te enomone proketin, "Lt the line A-C represen 
isatae o's somal plane ying ok est ‘ot the dra al 
it sn lane int TM AS an Wi th Ban oe oon 


Jnction would theref 


cna a to te tk bg ea 


The point N lies on the O (center of the guomanie projection) snd 

‘Bee 5 occa 

ear as epi apace cs 
To measure the angle between parallel zonal lines on the gnomonic: jection.— 

In Fig, 93 let. the two lines Zone 1 and Zone 2 represent two el sonal 

lines the angle between which is desired. ‘Draw the radial from the 
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center of the projection, Q, xt right angles to these aonal 

them at the points Ay and 4s. Make O-P at right angles to O-Ay4s.. ‘The 
A,PA, will give the angle between the two zones. The construction 
be reniily understood if the figure is supposed to be turned on the line 
0-A1Az us on an axis until the point P becomes the center of the spherical 
projection. The broken are now represents a vertical eros section of the 
sphere of the spherical projection and the points 2 and a the points where 
the two. zonal lines ross it. ‘The 
‘angle at P is obviously the angle be 

tween the two zones. 

‘The angle between Zone 2 and 
the prism zone, the line of which lies 
‘at infinity on the gnomonio projec 
Ho, ie given in Fig. 98 by the angle 
AsBN which is the same a6 A\AsP. 

‘Agnomonio net, similar in charae- 
ter to the stereographic net described 
in Art, 48, is useful in plotting the 
points of & projection or in making 
‘measurements upon it. "The straight 
Jines upon it t the projection 

the ares t circles of the 
smterical projection, while the hyper 

bola curves represent those o! 
Meamramant of the angle between lel mall vertical circles, 

en es ‘The gnomonic projection is most 
commonly used in connection with the measurement of erystal angles by 
means of the two-cirele goniometer, ‘This use will be explained later, sce 
Art, 287, For more detailed descriptions of the principles and uses of the 
‘gnomonie projection the reader is referred to the literature listed below, 


References on the Stereographic and Gnomenle Projections 
In ation to the dveriptionn of thaws projetions that mi poner ryt 
iegtiv uce the Seg Goes pipeean ernie 
raphe an Table Method Crary, 22 
Riga S Dipole Wea iter Anwanding oof 
‘Cnopvinte Projections tn two planes. Min, Mag. 14, 140, 1008. 
Mion und rope Kista 
stam eter etn 
The one Neh, Mis ng 11) 1004. “The Consutin ot 


14 Gt 1008, Senne “Applic ete 
i Min. Mog. t4, 204-108, 100 
1 on hy cnecrwting 


ie and gnomonia 


46, 1-112, 1008, 
Guometia Profetion, ‘Amer. Min,, 8, 67, 1020. 
Projection and Ti from a Graph 
THE 1a WL, Oe the Solutio Protein Cte 
On tar crag of Copeals ts Suara aa ot Oo 


I, an, 
“adfgntage tbe Gnomon Prjeeuon and ts we in he 
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48, Angles between Faces. — Tho angles most conveniently used with 
the Miller symbols, nnd those given in this work, are the normal angles, thnt 
is the angles between the poles or normals to the faces, measured on ates of 
area cirles joining the pole ae shown on the stercogrsphic projection, 
‘These normal angles are the supplements of the actual fA 
interfacial angles, as hay been explained, 


“Te relations between these normal angles forexample in agiven fa [ese 
renga se et ect rs a aes tn 
ihe sie et H 


i 
th 
Beak 
‘Furthermore, it will be soon that, sug aca’ (Big. 06) in a 
acworth a A 
iT eh signee NS Chey 
He gefl a “be 
Jn the complement of ball ‘angle 111 A T11(ée") andl O10 A, 111(b6) the. ‘complement of 
al the angle 111 A 111 (ee’*"). 
a ye gn Ae Lo repent the gl Ut Oo 
toon rete en | 


49, Use of the Stercographic Projection to Exhibit the Symmetry. — The 
symmetry of any one of the ie matte caapen nny be readily exited by 
he help of the stereographie projection. 
"Phe axes of binary, trigonal, totragonal and hexagonal symmetry, are 
representa reapestively ty tho 
following signs: 


~A® 


Further, « plano of symmotry is 
represented by a full tine (zone~ 
diel), while dotted Line indi- 
‘eatos that the plane of symmetry: 
is wanting. “the position of the 
Pitney prea axes is shown by 
wrrowe at the extremities of the 
lines. The pole of a face in the 
upper half of the crystal (above 
the plane of projection) is repre- 
ranted by a cross; one below by 
Deirele, If two like fnces fall in 
She's white the re, 
- |, * cross within the cirele, 

Sharogrepe Pagani of Pus on Chet Fi 100, 146, 18, eo ee illus 
50, General Relations between Planes in the Same Zone. — Certain 
important relations exist between the indices of faces that lie in the sune 
sake Tt the indices of two faces lying in the same sone are added to each 
‘Other, the suum will be the indices of a face lying between them, or in other 
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‘words, a fuoo that truncates the edge between them. Note in Fig, Of that 
tho indices of « can be obtained by adding the Indices of d and f (101 121 = 
222 of 111); also by adding the indices of m and c (110 + O01 = 111); ete. 
All faces to belong to the same zone, (aulozonad faces as they aro called, must 
have their mutual interseotions parallel to a given direetion, sec Art, 48. 
‘This direction is known as tho axis of the sone, ‘The position of this zonal 
xia can be expressed by what is known as the zonal aymbol, Consider 
Pig, 00, where are represented two 

% crystal fnces, ABC, and CDE, ine 


‘Bry anf 2 Ta the cent, 


for simplicity, both faces have been, 
asmumed to pass throogh a) point 


0-1, which then becomes the di- 


the distance O-C. ‘The point P 


‘on the zonal axis and thorefore the direction of tho axis itself is fixed by the 


Snake cohorts eee OR id O-8 
t= Ip— hr, w= hy — ut, O-R = wb and O-8 = 
three figures (uw) ar¢ anid to be the symbol of the zone in question, 


| 
readily be obtained by  aystem of crose-tmultiplication and subtraction 
cording to the following athann. “‘Wete the nahn ar one ee 
their proper order and directly under them the oorresponding indices of the 
face. Cross off the first und Just number of each series. ‘Then mul- 
tiply the joined by the cross lines, see below, and sulitract the product 
the two joined by it lines from that of those by heavy lines, 
working from left to i. The three numbers ot vill in thele order 
correspond tou, &, and w. 
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hike koh Rt 


A ee Ald 
ade hy, om ip hr, w= ha — bs 
‘Since the zonal symbol for a given zon» may be obtained fram the indices 
of any two faces lying in thst zone it follows that the indices of every pos 
ible face in that zone must have definite relations to the sonal symbol. |For 
8 even face with indies (2), ln a sone aving do sym ar] the follow 
ing equation, known as the zonal equation, must hold true. 
us + vy + we = 0, 


In this way it can be readily shown whether or not « given face ean lie in a 


Ig the symbols of the two zones und subjecting them to the sume sort of cross 
multiplication by which they were themselves originally derived. 
seat oat sate Feet i faa (0, gy st) GO) 
‘equal woe fn fan 109, (110), 13 
erica sone Pura tnterwctonn ince ‘parallel 
Se ate a iseat ts sone vom bo eta = moe 


that A= 0, 
y SPORTY) FA) ar nx sone sine by have» 
(110) arn Md tu a sone acd ala, (O01), f(121), 4330) 


‘ra tt there 4 ecanan mati of tha bor 
Gos dan heen Ts tea be toe that he ay 


‘he ax 
¢ (accu e101), of), 
intorsections do sok 


2th — b= 0,002 =k 
‘The symbol of faon lyin nt omeo in two sone, an stated above, sat ante the anal 
cia fen ye on yates Saini tv ones 
CoN chomne af naatiplendon ike that given, above 
Soa ab of ulphr, the face tiered = len tho Zone (1) with MOLO) and 
Tee ea ee SMO Thane soven pve Fenced? 
or a2 9 10) BL RN alt 


20% 24 


Ta TG 
eH3, 0-0 wad 
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Hace fr (1) he sal equation ih = for (2) k= Combining ve, we aban 
“Tite ayinbol of the face = je, therefore, 1, 
“he tne mae ie tlie the sal mle OT, OF, tg ater the 


| ae a es 1 


1 


52, Methods of Calculation. — In general the angles 
ane betiveen the poles ean be calculated by the methods of 

spherical trigonometry from the triangles sho 
spherical projection —which for the most part are right-angled. Certain 
fandamental relations connect the axes with the elemental angles of the prom 
jection; the most important of these are given under the individual sys 
tess "Some general relations only are explained re 


53. Relations between the Indices of a Plane: 
and the Angle made by it with the Axes, — In Fig. 
BE a i ice lines, 2X ¥, and Z nt three k\ 
" jo axes’ making am wit 
tiber ant le o, band ¢ represent (he unit AS 


Assume any fue £7 KL cutting thee axes with the 
Bisse D2 OR ele Let O-p-P be a £| 


normal to the plane H KL intersecting the plane at iN 
pand the enveloping surface of the spherical pro- * “Oa \) 
jection ut PL Lot AT reprecont the indices of the 


given form. Since the line O-p is normal to the plane HKL the triangles 
HOp, KOp and LOp are right angles and the ‘etdeing relations hold true. 


0 
BP = com HOy; OP = cos KOp; om cos LOp. 


‘The angles HOp, KOp, and LOp are equal, respectively, to the angles repre 
sented on the apherieal projection by the ares PX, PY, und PZ and OH =, 


+ By substituting we have, 
Op = feos PX = Poos PY = Soo Pz, 


‘This equation is fundamental, and several of the 7 
sancti gation aod se ie relations given beyond are 
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“The most ef appllation is that when the axial angles are 90", reprinted in Fi 

2a pecan tbl, Dol, mepedivelye Alo if the plane HL. 

2 a ad ded wf teeta on ke st are aden note lt 
OH=., 0K=h Obwe 


‘then the lines HER, Hl, Ks give sl the interaso- %° 

ot O14 on te threo ase rane z 
Dose fin nor fora OTe il be obi fom tie 

figure, then, that the folowing’ relations hold true: 


tax 100.0 110) = 


tan (001 A 101) = 5) 


tan (001 A O11) = 5 - 
‘These values are often used tater. 


64. Cotangent and Tangent Relations, —In the east of four fnces in a 
zone concerning which we know either the angles between all the faces and 
tg nde of thre of ther, of he seas een thes (eee ‘and all the 
indices, it is either « simple grap! met! of plotting or by 
ealeulstion to determine the ogo oF indices. 

‘To illustrate the graphic met! first lot Fig. 100 represent # cross section 
perpendicular to the prism zone of « rhodonite crystal. ‘The traces upon the 

ye of the drawing of the faces a(100) 
fand b(00) provide the direction of the 
lines of reference X and Y, Tt is as- 
sumed that the position of the third 
face m( 110) is known and a ne dena 
to its trace upon 

e drawing from the point X will give 
its relative intercepts upon the two lines 
of reference, ‘These intercepts do, not 
correspond to the unit lengths of the 
axes «and b since, rhodanite being. tri- 
‘linic, these axes donot ie in the plane 
‘of the drawing but they represent rather 
ae Peis of these ne fore 

porter section wy 
See lacs owores set 
it will still be true (hat all faces lying in 
the prism zone of shodonite must inter~ 
‘opt these two lines in distances which will have rations! relations to the 
Jengths of the intercepts of m(110). It is now assumed that a fourth face 
ins the indices (130) nnd its angular position in respect to the other {aces 
in the zone is required. From its indices it must rey 2 the two lines of 
reforence X-X’ and ¥-Y" in the matio of 1 to §, Let OX equal VanX—X" 
‘tnd OZ equal 1 on ¥-¥". Then a tine joining these two points will give 
the diretion of the trace of upon tho plane of the drawing nd 90 devermine 
the angles it will make with the other faces in the zone. 
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If, on the other hand, the at between f and the other faces in the 
zone were known, the position of the trace of f upon the plane of the drawing 
‘io could be found, and so its relative intercepts (and indices) upon 


m 
A the math of ealculation i usod let FO. Sana B be the poles of four 


foes ia sone (Fig. 101) taken i auch an oer” PR sd tek the 
Indices of these fasin be ceapectively 
Pp q R 8 
al or -~ ae 
‘Thm ie ny be proved that 
cA PS = PR HO) 18 
Gat PY wot PR ~ (GR) * (PS 
where 
we 1X2 Ks IKI 
-, Akl 
radbasd le 
Qi par | = 08 =r r= 
a8 
1 1x2 2xd oBxE 


cs 
(3.e)] ww | ar — yu yoo ms — ae 
(8) BLM |~ hy ke” he Wy ~ he 
Sion. 
fone of thewe fmetions reduces to an tetermivinte form, then one of the otha 


‘vhs era lleva tthe rooodi wnd tine natn a some pei 
crn in of syste 
cenoes ate reerred (@ wnder these satan : 


‘The cotangent relation becomes much simplified for 1 roe one, 


that is, a zone between inacoid and » face in t 
tots that the nnglo PH becomes 90°, tn Fig 10h tet Pte) and Gta) 
ete. Fegee lying fp the ene Bete 6f100) wal 03) mh the angle 
@Ad= We Lat Pa and Qa represen em between the two fhges 
find the pinsooid a. ‘Then the following hokis iu, 
Ayton Po kt 
p™ tan Qa qr? 


or if the faces P and @ lie in zones with the other pinacoids (010) 
Es er pi (010) oF (001) 
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Ur tho sone in question lies between two pinsooids which are at i 
angles to cach othet #0 that the indjees of the faces P and Q become ei 
ARO and pq0, KO! and pOr or OK and Ogr, we hive 
tan (100 A MMO) _ 
tan (100A) “Ag? 
tan (OOL A AO 
ian (O01 A pr) ~ 1 
tan (001 A OM) _ 
tar (OTA Op) ~ 1 
are the ope to dotermine the gymiba of 
EN tyne ordinarily employed to determi ‘symbol of any price 


vor dome 
The ication of inciple le where the 
vat oh Ewe, than the retin tote 


“hg 


ith ty a 0 A 8 
fan (100 A110) ~ 4" Yan (0100110) ; 
in tengmi Aa) hail A a 
ian (OOF A101) “1 tan OLA TI) ~ 
-augles between the am, 108 
3 
cree mh 
‘ee cares of 10 ANS i 


Between the fn0e a, 


samara and the atleast 


= 40 = 


Peace a 


Note:—For a. simple demonstration of the sc-ealled law of Miller, #ee Cenkro, Min 


‘Mag 17, 54, 1916, 
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1. ISOMETRIC SYSTEM 
(Regular or Cubic System) 


axis are also shown, 
flo are vo mes here Included; of dhs the 
aot elass,* wi possesses: ighest degree 
symmetry for the system and, indeed, for all crystals, 
Hhconideiame by tr the meat apartaa Teo ot tae othe 
classes, the pyritohedral anil totrabidral,aleo have numerous representatives 
sunong minerals, 


1. NORMAL CLASS (1), GALENA TYPE 
(Hezoctahedral, Holohedsal or Ditesseral Central Class) 


56. Symmetry. Sxl. Ant; 4 ding. Ax-9; 6 ding. Ax-2; Sat. Pi; 
6 diag. P.; C.} — The symmetry of each of the types of solids emumeral 
{in the fellowing table, 8 belonging to this class, and of all their combinations, 
is as fallows 

Axes of Symmetry, —There aro three principal axes of tetragonal sym- 
metry Lids ate mehattcot ie Toe crystallographic axes and are somo 
‘times known as the cubje axes sineo they are perpendicular to the faces of 
the cube, "There are four diagonal axes of trigonal symmetry which emerge 
in the middle of the octants formed by the eubje axes. These are known us 
the o¢iabedral axes since they are perpandiculur to the faces of the octahedron, 
Lastly there sre six disgonal axes of binary symmetry which biseet the plang 


*1t be called rurmal, no beforn eins 
toatl 
i 


nee itis the most enon the 
ortant east under the srstem;” also, more funilanventally, because the fora here 


a but hough es for ae ake 

ra rie that haw th ful spina oy are 
m frthr geen fo brunet ad ha et 
nt farther queria in ha it ne 
iy to oa hues of he ote at, 

ona the syrrnetry othe yarn cae: Ax. aa eym 

ctiber ice sas phi 

st aymmetry 


ferred 
La 
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made by the cubic axes, These are perpendicular to the faces of the 
ieslaiee nl oe og eee et ‘These symmetry 
axes are shown in the Figs. 104-108, 

Planes of Symmetry. —There are three principal planes of symmetry 
which are at right angles to each other and intersections fix the posi- 
Lion ofthe crystallographic axes, Fig: 107. In addition there are six 

ich bisect the ungles between the principal 


‘The necomy ring stereographic jection + 109), constructed. in 
accordance with the pinspis explainel fa Art. 48s 

cht time of "Cs as Ne etn ee 

jections gi re 

of Foran. — The fon poe aod 


110) 
Hk) 8, an 


(210); ed 
nhl) x, (831); (221); (382), ete. 
no) us, (B11); (211); (322), eto, 

as, (421); (821), ete, 


Attention ix cll to th letters uniform ued in thin work and in Danas Syatern of 
Mineralogy (1892) to designate certaia of the isometric forme “They ure: = 


110 Ce The at howe eneral symbol is (100), is sho in Fig 
1. Te in bounded by six similar fnces, exch parallel to two axes, 

face iss square, and the interfarial are all 90°. ‘The faces of 
the cube are to the principal or axial 

59, ‘ectahedron, sho 
symbol (117), It is bounded by 
‘axes at equal distances, Each face is an plane 
angles of 60", |The norinal interfacial ang a, 


hias the general symbol (110). It is bounded by twelve faces, exch of witg, 


assgyh* SO llwed here (sy nln in tho other ayrteta) lo i roa eaten that of Miller 

1 The dalecubedron af the eryatallographer te thin f shaped faces 
Spi ks a et ee a 
Ee cigs a gland ese Smear 


Each face is o rhomb with plane angles of 70}° and 100}°. ‘The normal in- 
terfacial angle in 60", "The faces of the Hs a aie ae 
‘supdlisry, oF diagonal, planes of symmetry. 
‘8 rm wis 
= IN 
|» QI ae 2 
‘is Oca ede 
tho ty ata HOOT Aa Cl0h tush ic of ony te of te font has hres Laka 


Tin! forthe cube the wx facen have dhe tices 
100, 010, 801, Too, To, oat 
For the octahedron the jndions of the eight faces nr: 
Above UE TL, TT tT 
dare uk Tk it, ie 
For the dodecahedr the inlees of the tye fuses are: 
no, 110, T0179, 
un fo fob oe 
ou, ony oth, on 
‘These should be corefully studi with reference to Ube figures (tl to model, and ales 
to the projections ‘ee a ‘The mudent should taro iy Tagline with 


{hose idividus! indices and the relations lo the axes which tbey ccxpeess, so that he 
ive at ence thi iniliess of any face required, =e 


116, 119 of the eube and dodacahedtmon: Fig. 117, 118 of the octahedron and 


5 Ginally, Figs. 120, 121 show combinations of the three forma. 
‘The predominati fore, ns the cubs in Fig 115, the oobaheion in Pig: 1, 
ete, fs usually suid to be modified by the faces of the other forma, in Fig. 
THM’ the cube and octahedron are sometimes said to be "in equilibrium,” 


2 coRYSTALLOGRAPHY 
since the fe of the octahedron meet at the middle of the of 
see the faces al points of the edges 


It should be carefully noticed, further, that the octahedral faces replace 
the solid angles of the cube, as regular triangles equally inclined to the adja- 


>» LS OE 


cent cubic faces, as shown in Fig. 113, Again, the square cubic faces replace 
the six solid angles of the ecaition being efually inclined to the adjuoent 
‘octahedral faces (Fig. 115). ‘The faces of the dodecahedron truncate* the 
twelve similar edges of the cube, as shown in Fig. 119, They also truncate 
the twalve edges of the octahedron (Fig- 117). Further, in Fig. 116 the cubio 


ne 


fuces replace the six tetrahedral solid angles of the dodecahedron, while the 
‘oclabesiral fuees replace its eight triheciral solid angles (Fig, 118). 
‘The normal interfacial angles for ndjacent faces are as follows: 
Cube on octahedron, 0, 100 A 1 = 544 8, 
Cube on dodecahedron, ad, 100 A 110 = 45° 0" 0%, 
Gctahedron on dodecahedron, od, 111. A 110 = 85° 157 62". 


(2. As explained In Ar, 18 atualcrystala always deviate more or hom wily fom 
‘ea pois Burn scbstuenes of ti enequlCovearnet of Bk cen" cach si, 


The ward Uancal, oncition, aro used only when the sodilying faue wakes opal 
sayjor wide eljennt aie ees sect 
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‘the nxee within tho crystal, the octahedral fs 
iomeret ht the ae St eee aioe npn dnc 


63. Tetrahexahedron. — The tetrahezahedron  fitrakaheraoon) Figs, 

122-121) is bounded by twenty-four faces, each E trie 
Four of these faces together oecupy the position of one (aes of the cube 

(hexahedron) whence the name applied The 


‘Cube apd Totmubesae Ortahedena anit Dodecsbedron and 
Thedrott ‘Tetrabiexahedron “Tetrabexhedron 


symbol is (Hk0), hence each face is parattel to one of the xox while it meets the 
‘thor two axes at unequal distances which are definite multiples of each other, 
‘There are two kinds of edges, lettered A and C in Fig, 122; the interfacial 
angle of either edge is sufficient to doiermine the symbol of a given form 
(eee low), “The angles ‘of some of the cummon forms are given on a later 
page fp. 79). 
"There may. be a large number of totratexahedrons, as the ratio of the 
intercepts of the two axes, and hence of h to k varies; for example, (4 10), 
10), (210), (320), eto. ‘The form (210) is shown in Fig 122; (410) in 
1, and (630) in Fig 124, All the tetrahexahedrons fall in « z0n0 
with 4 euble face and  dodecahediral fnoe. As h increases relatively: to & the 
form approuches the cube (in which hz = 2: : Lor 1:0), while us it dimin- 
inhes and becumes more atid mone nearly equal to in value it appronehes 
the dodecahedron: for which A= E. Compare Fig, 123 and Fig. 124) also 
Figs. 107, 108. ‘Tho special symbols belonging 10 exch face of the tetra- 
‘hexahedron should be carefully woted. 


trlsoctabedron meets two of the axos wt » distanoe less than unity 


bol, 
‘Tho general aymbol iy (Al) fe (221), (831), oto, Bach 
BRT opente is (iM); common forms are (221), ( 
138 109 0 


Qetabedron at 

‘Trimactahedron 

and the third at the unit length, or (which is an identics) exprention?) it 
axes 


¢ the unit’ length and the third at » distan tor 
eisai Se ene fen ccald be earaaly Soto. 


a 
espetanst complonray ike inaapnd epetsiodnn sod ter geo 


Ay ANTE 
it ey DI 


fae ty =~ 4 tae 
i POU 
it i ie 
We GOH 


ee 


76 (CRYSTALLOGRAPHY 


‘of the mn n(211) truncate the ‘of the dodecahedron (110) 

seer eet set aes Uy 
relations (Arta. 60, 61), of. also Figs. 143, 144, ‘The position of the faces af 
the form m(311), in combination with o, is shown in 187; with din Fig. 


138, 

‘t should be added that the trapezobediron m(211) is x common form both 
alone and in combination; (311) is common in combination. The trisoo- 
tahedron alone is rarely met with, though in combination (Fig. 180) it is not 
uncommon. 

67. Hexoctahedron. — Thie hezoctuhotron (hexakisoctahedron), Figs. 130, 
140, is the general form in this system; it is bounded by forty-eight similar 
faces, each of which is a soalene triangle, and each intersects the three axes 


10 


at unequal distances, The general eymbol is (HA); common forms are 9(821 
ae a Telly Fig 140. The tale of the tatu 
faces, a8 shown in Pig. 180 and more fully in the projections (Fis. 143, 144), 
should be carefully studied. 

“The hexoctahedron has three kinds of edges lettered A, B,C (longer, 
middie, shorter) in Fig. 140; the angles of two of these edges are newdal 1b 


Flunsite, Cube and 
Hiexoetabedron 


fix the symbol unless the zonal relation ean be made use of, In Fi 

Fees ef be ieseptabivon buvel tye Sodbeshsiel lg, nad heats tere 
form h=k+4; the form » hus the special symbol (321), The hexovta- 
hedran alone is very rare for, but itis. apen in combination with the cube 


(Fig. 141, foorite) as six amall 
(Fig 14, fuorte) ax fuees roplicing cack slid angle, Fig, 142 is 
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68. Pseudo-symmetry in the Isometric System. — Isometric forms, 
development in the direction of one of the cubic wxes, simulate fetal 
forms. More common, und of greater interest, are forms simulating those af 
rhombohedral symmetry by extension, or by fittening, in the direction of an 
octahedral axis, Both these eases ure illustrated later. Conversely, certain 
thombohedral forms resemble an isometric octahedron in angle. 

69. St ‘and Gnomonic Projections. —The  stereigraphic 
projection, Fig. 143, and gnomonie projection, Fig. 144, show the positions 


Stercograyhig Projection of Yooruetrie Forma (Cube (300), Qetabodeou (111), Dodeenhestron 
(ay Regan TH, rncabro 2), Tapaton att}, Hexnetae 
cn (24) 


of the poles of the faces of the cube (100), octahedron (111), and dodeeahie~ 
dron (110); also the totrahexahedron (210), the. trisoctabedron (221), the 
trapembedgon (211), and the hexoctahedron (321). The isometric system is 
unique in thnt the angular relations of its forme with each other sre constant,. 
no matter upin what substance they may occur, ‘Therefore the following 
projections and sts of angles will apply tp all isometsic exyntals, 
“Tesulen sor tay thi puerto el sang 
gone 100, 001, 100, pad 100, 010, 100; valeo by 110, O01, 


Hanae ier Ia, 


wr 
Goomonic. Projection of Teometric Forms (Cube (100), Octahedron (111), Dovecabedron 
{Libs Wetsberedon (210, Teoctabedrou f2ti), Resrohodmon tatty esses 


\¢ SYSTEM 


ef an 

a Patt Fe He Sas, sare 
Bik ad Essasasa fisscana 
lf Hunt oe a7 

5 Egg ieee x . 

ie he Sqisgtt] © Seipeatcus fe8-FaFa 
ii SHenaasae 25RS5SS9 
iy ; 

ee a #. 

328 Sabenanss 9 Daxeaas* 
a seipeanass Efucane 
3 
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TA Tall lat given Jn the Introduction to Dana's Syntem of Minerslogs, 1809) 


70. Angles of Common Isometric Forms." 
hs: 
10a 
23 
30 37 
Bs 02 
40, 
45 
& 13) 
2 33 
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2. PYRITOHEDRAL CLASS (2), PYRITE TYPE 


(Dyakiododecakedral, Pentayonal Hemihedral, Diploidal, or Tesseral 
Central. Class) 

71, ‘Typical Forms and Symmetry. 3x1. Ax-2; 4 diag. Ax/3; 3:x1.P.. 
C.—The ts cal forms of the pyrtohadml ciat'are the priohonen, ee 

itagonal ledron, Figs. 147, 148, and the diploid, or 
Petron, Pi. 88. “The yume of ‘these forms, as of the class as whole, 
Seley Che re ae ae eee eae esos ete name of nary ayauneiey 
aly; there are also four diagonal axes of trigonal symmetry eoinciding wit 


‘The stereogeaphi¢ projection in Fig. 146 shows the distribution of the 
fuors of the general form (hk), diploid, and thus exhibits the aymmetry of 
the class. ‘This should be ly compared with the corresponding pro- 
ection ie 200) for tho noranal elas, 40 that the lower of symmetry 
prezent ray be thoroughly underetgnd, In studying the forms Sard 
and illustrated in the following pages, this matter of symmetry, especially in 
relation to that of the eal aie should be continually before the mind. 
It will be observed that the faces of both the pyritohedron (Fig. 147) and 
diploid (Fig. 153) re arranged in. parallel pairs, and on this necount 
these forms have been sometimes called parallel heonikedrons,  Rurther, these 
authors who prefer to describe these forms as eases of hemibedrism eall this 
type paralleLfuced hemihedrian or pestagonal hemiiedrene: 
"Th. Pysitohedron. "The pyrildvalnon (Fig. 147) is s0 named beeanse 
it iss typical form with the common species, pyrite. It is a solid bounded 


aT 108 uo 


Pyritobedrons Shunving Resatiou between Pyrite 
furtrosnnl'Tvteabercsosian 


by twelve faces, each of which is a pentagon, but with aue edge (A, Fig. 147 
longer than the other four similar edges (C). "It is often called © prenpaponeg 
dodecahedron, att indeed it rescmnbles closely the regular doilceshedrste at 

netrys in which the faces azo regular pentagons, ‘This latter form 4s, 
howaver, itt irapossible form in crystallography. 

‘The symbol Is (AiO) or like that of the totrahexabodran af the 
normal Hence each face is purallel to one of the axes und meets the 
other two axes at nnequal distanose, “Common forms are (110), (310), (210), 
(820), ete, Besides the positive pyritobesron, ss (210), there Igelon te ceo 
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plementary negative form* shown in Fig. 148; the symbol is here (120), 
Other common forms are (250), (230), (130), eto. 

"The positive and negative pyritohedrons together embrace twenty-four 
faces, having the same position as the twenty-four like {aces of the tetra 
hexahedron of the normal class. ‘The relation between the tetrahexabedron 
and the pyritohedron is shown in Fig. 149, where the alternate faces of the 
tetrahexaistron (iilested by shading) ate extended to form the faces of 
i itohedron. 

48. Combinations, —‘The faces of the pyritohedron replace the edges 
‘of the cube as shown in Fig. 150; this resembles Fig. 119 but here the faces 


make unequal angles with the two adjseent cabie faces. On the other 
hand, when the pyritobedron is modified by the eube, the faces of the latter 
trunente the longer edges of the pentagons. 

Fig. 151 shows the combination of the pyritohedron and octahedron, and 
in Fig, 152 these two forme are equally developed. ‘The ruling combi 
tion bears  elose similarity to the icosahedron, or regular twenty-faced solid, 
of geometry. Here, howover, of the twenty faces, the eight octahedral are 
‘nquilateral triangles; the twelve others belonging to the 
pyritohediron are isosceles triangles, 

‘74. Diploid. — The diploid is bounded by twenty- 
four similar faces, each meeting the axes at unequal 
distances; its general symbol is henoe (hid), and com 
pa forms are ee net ot (B21) is 

own in Fig, 153; its ius given, 
thor be tu studied hs conta te Bass Us 
fuces ate quadrilaterals or trapeziums; moreover, 
‘are grouped ins pairs, henee the common name diploi 
Ttis also sometimes ealled a dyakisdodecahedron, 

“The complementary negative form bears to the posi 
tive form of Fig. 163 the sume relation as the negative 
to the positive pyritohedron, Its fuces have the symbols 312, 231, 128, in the 
front dotant, aod similarly with the proper negative signs in ‘the others, 
‘The positive and negative forms together obviously embrace all the faces of 
the hexoctahedron of the normal class, ‘The diploid can be considered to be 


~The Toro ety aad snilar cams Dave somes ditineh Inter some: 
times the ens ts the postive frm, but are then Gnu’ byw auberpt sobnty he 
Wi) und (120). 
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derived from the hexoctshedron by the extension of the alternate faces of the 

Heine anaes of the recuaning locum sadly nu the cas of the 
and totrahexahedron (Art. 72). 

In Fig. 154 the positive diploid is shown in combination with the cube. 

‘Here the three faces replace each of its solid angles. ‘This combination form 


reseniles that of Fig. 120, but the three faces are here unequally inclined upon 
two cat cae faces. Other combinations of the ith the eubs, 
0 ‘and pyritobedron are given in Figs. 155 and 156, 


7. Other Forms. — If the pyritchedral type of symmetry be applied to 
planes each parallel to two of the axes, it ia seen that this symmetry calls for 
Aixof thes, and the resulting arm ie obviously a cube, Ths ube atnot be 


‘geomet from the cube of the normal 
tlie, hut it fins its own ehamncteristic molecular sym 
metry. nding to this it is common to find eabes 
of pyrite with fine lines (strintions) parallel to the alter- 


bate ede, indented in Fig. 17, Thee are due to 
the partial development of pyrite face (210). On 
1 anpral eube sili srations, if present, must be 
Parallel to both aia of ees on each cube fate, 


‘Simil to the 
iacsasin sigan ham naa, (11) coco at) ge 
the sane greta Yor, repel toctacron, 
trisoetahedrons and trapezohedrons of the normal ease, eon 
ie these forms nre distinct, each having the aymmatry described 
in 
76. Angles. — The following tables contain the angles of some common 


forins. 
k 
© 0 
cong tar 20 A iate. 100 fide, “EG 
‘0 Fae aT 
io a oa i sa bo 68 
io 3 5 to 40 ae oe 
Ft 7 ts 35 BM wi 
mo 51 35 3 a9 Ee a 
= of 2 & 50 Bal 
oo a oi 30 5} an a 
oo ah to 43 So 
re ih 38 o msl i 
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as" iy asuy | rigy 8° oy 
a7 st 35 20 aa} 2 

19 27] 19 27 a2 is} 2s 33} 
6 3 5 Bz gol Bt a4 
31 O} 8 12] 9642 22 134 
43 26) 26 171 ay 16k 
Ber as sa wh 5 4 


3, TETRAHEDRAL CLASS (3). TETRAHEDRITE TYPE 
(Hextetrahedral, Tetrahedral Hemihedral, or Ditesseral Polar Class) 


71. Typical Forms and Symmetry. $xi. Ax-2; 4 diag. Ax.-3; 6 diag. P. 

fe a a ear uae ean wich tt ete ura 
the shown in Figs. 159, 100. There are also three other distinct 
forms, shown in Figs. 167-169, 


metry. ‘There is no center of symmetry. 
‘The jhie projection, (Fig. 158), 
shows the distribution of the faces of the general 
form (hkl), hextetrahedron, and thus exhibits 
the ‘of the class, It will be scan at 


3. Te 
faced solid, bounded by ‘meeting the axes at equal distances, Its 
Eevee Gi vara pecemmpats 
iii, 1, 111, ie 
of the ~ bets ‘the normal class (Fig. 111). relation between the 


Tia oe of the fv regular mide of momar, whic neue ava he cube, oot 
ale the ropilar pestuginal dodicahefon, nod the oan the ist to, 
‘oted, re umpomble form kno czy 
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triangular pyramid of geometry, but crystaiiographically it must be 20 placed 
thant the axes Join the middle points of opposite edges, and one axis i vertical. 


‘There are two possible tetrahedrons: the positive tetrahedron (111), 
designated by tho letter o, which has already been described, aud the neg 


ctabodron and Tetraedron 
tive tetrahedron, having the same geometrical form and symroetry, but the 
indioos 0 fa foc fooee tre Th, 1 11], Tf: This second fora is shows 
in Fig. 160; it ls usually designated by the letter o,.. ‘These two forms are, 


‘Tetrahedron and Berni , Dodecahodro 
"Dotecahedon Poni and Nvgutve ete, 


as stated above, identical in geometrical shape, but they may he distinguished 
in many eason by the tete which merva te foveal the mcleiee ‘structure, 


particularly the etching-figures; also in many eases by lwctricity (see 
under boracito, p. ap ‘Art. 460," Tt is probable tha the posit oan 


sitive and ne 
tive tetruhedrons of sphalerite (ace that species) have ® constant. differ: 
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‘ence in this , which makes it possible to distinguish them on erystals 
Fane ocaties and of alee Galle 

Tr both toteabedrons are present together the form in Fig, 12 results 
‘This is geometrically an octahedron when the two forms sre equally de- 
eloped, but erystalogmphically it is always only» combination of two 
lunlike forms, the positive and negative tetrahedrons, which ean be distin« 

ns no! 

“The tetrahedron in combination with the cube replaces the alternate solid 
angles as in Fig, 163, ‘The cube modifying the tetrahedron truncates ita 
‘edges ag shown in Pig. 164. ‘Tho no between adjacent cubie and 
te faces i 51°44’. In Fig. 165 the dodecshedron is shown modify- 
ing the positive tetrahedron, while in Fig. 105 the cube is the inating 
form with the positive and negstive tetrahedrons and 

a ts eee pal ee a Ronee al 
solids in this clas, hv sym ‘ iy 
first of these is shown in Fig. 107; here the symbol is (521). ' There are twelve 


wr 160 


each a quadrilateral, belonging to this form, distributed ae determined 

by the tetrahedral type of symmetry. ‘They correspand to twelve of the 

faces of the trison namely, all those falling in alternate octants, 

‘This type of solid is sometimes called a tetragonal trisletrahedron, or & deltoid 
Tt does not occur alone among crystals, but its faces are 

‘observed modifying other forms. i 

tive form, related to i ey oe mae wr Gees 

e form, ‘to it in ly same Way 8s ive to i~ 
Fe ee ae thea ot the smolts oie 
belong to the other set of alternate ootants. 

"Another form, shown in Fig. 168, has the general symbol (hl), bere (211); 
it f# bounded by twelve like Siangalae fees, Ee ee ante te. 
manded by tetrahedral symmetry, and corresponding consequently to 
Thea ofthe siternate optante of tbe form (NZ) the trapexohedron —of the 
normal clase. This type of solid is sometimes called n trigonal (riatetrahedrom 
‘ar triakisletrahudron.* It ix observed both alone and in combination, espe- 
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cially with the spaciestetrabedsites i mich mare oben thin the font 

(hh), There is Galena tree negative form Fig. ¥ 

shows the positive form n(211) with ive tetrahedron, and Fig. in 

the form ait) with a(100), 0(111), oa malo). In Fig. 172, the negative 
is present, 


fe 1 (211 
sep ae As er 
: 
faces distributed aceon tral met Sone 
the faces of the seca ptr of the frig inced 
for ti anf (hei) embraces the faces of is 
Soe reese te jk cee mene 
xocahetron, The postive heaters a) sown in Pig. 173 
dodecahedron, also 


wis the cube, octahedron, and ‘the negative trigonal 
Tristetrabodron »,(211)- es 


370 


—— 


KS 


‘Tetrabodrite 


its 
Proved, for cxample, by Cerin (Art, 480), Silay in mae uae 


of them are tinot from ding’ forms of 
normal clase. 
81. Angles. — The following tables contain the angles of some com- 
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TrooowaL TaneernamDHOX®, 
» c ea 
cory, to a RHP ant Ree, “Me? Zot 
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im “ 55 a0} Bo | a 
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a 9 a7 ice 31s} 25) 

Hexrermasmannonn, 

A B c on on. 
core io, 3 ATi. aa A Sete, a ASS ete, “atloo)” “athtt) 
sa or a0 ar 7 arsoy sagt Be 
a2 21 47] eo 4 a a7 Be 21: 
cy 1 a 2 1% ay wx 
SL 32 2 16.56) awl 2 ¢ 


4, PLAGIOHEDRAL CLASS (4), CUPRITE TYPE 


(Pentagonal Icositetrahedral, Plagiohedral Hemihedral, Gyroidal, or Tesseral 
Holoazial Class) 


Pentaponalscoetrae: 
forms of class are geo 
‘of the normal class. 
‘The symmbtry charncteristic of the class in 
Te ee ee laos ol etry and 
are no symmetry and no 
conter of symmetry. ‘There are, however, three 
‘symmetry normal to the cubio 
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the lic axes. ‘This distinction between positive and negative 
forme nad eles i and left-handed enuntiomorplous forms, erste 
also in the caso of the classes of soveral of the other systems. 


Right- and Lelt-handed Pentaywmal Iconitetenbedroos 


‘This class is rare ainong minerals; it is represented by cuprite and sil am= 
monine. Tt is usually shown by the distribution of the small modifyi 
fuces, or by the form of the etching figures. Fig. 170 shows a erystal of cue 
Prite from Cornwall (Pratt) with the form 2(13-10:12), 


5, TETARTOHEDRAL CLASS (5), ULLMANNITE TYPE 
(Tetrahedral-Pentagonal Dodecahedral or Tesseral Polar Class) 


84. Symmetry and Typical Forms. 3x1. Ax-2; 4 ding. Ax-8,—Tho 
fifth remaining possible class under the isometric system is illtstrated by Fig 
178, which represents the twelve-fuced solid. oo ing to the 
Gata (Ak). "The distribution of its faces is 

wit in the projection, Fig. 177, This form 
is sometimes called » tetrahedral-pentagonal 
dodecahedron. 1t is seen to have one fourth as 
many faces as the form (hl) in the normal 
toneber caiease a he foes Goan 
together em! the faces of 
hedron. “These four solids, which are distin- 


guished as 
fa ioheharted itive and negative), are 
ensntiomorphous, like those of Figs, 174’ and 


har no plane of symmetry and no cen- 
ter af j, There ure three axes of binary symmetry normal to the 
cabic faces, and four axes of trigonal symmetry normal to the faces of the 


irom, 
‘This group is Ulustrated by artificial crystals of barium nitrate, stron 
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fium nitrate sodium chlorate, ete, urthar, the species wllmannite, whieh 
shows sometimes pyritohedral and again tetrahedral forms, both having the 
same compesition, must be regarded as belonging here. 


Q Sey 
Yay 


Marmmuicat, Reterions oF rie Teowenac Serra 
$8. Most of the problems arising in the isometric ean be solved at. 

raha ning shears of rection tg Teas wnt th we aw 
Tt will be remembered that the angles Netween a cubic (aoe, as 100, and the adjacent 
face t's tstebotakion, St 0, a0, ete cae be obtained a once, sace We tang of 


thi angle i equal to. 5+ OF in mera f= 
san ko 000) = 
1 
2 
wo 
cok 
tan Z abe =~ f= 


ent 
re 
Gade = 

1 

2 

ate r 

a00f Afar} = 2 
‘Thia mation in ihntried in Fig. 180, which alm shows tho method of graphically 
uj riot abeSabetton, the ntgie beeen one of ia fase'and 


hdjscent cube fhoe bein ives. 
‘Since all the f in given symbol under 190 
‘ll the formas of m gi 
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(Squsiions auimnit of nich simpliieation in the various special cases, for (AKD), 
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ae Tecan a. 81), Band Caco the poet saga tthe adem ater in 
‘For the wrigonal-tristetrahadron (Fig. 168), 


mae 
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For the pyritohatrom (Fig. 147), 008 A= 


Hesociahedron (Fig. 140). 


For the diploid (Fig. 158), 


alt #3 


For the hesterahadron (Fig. 100), 
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of a face fo the vertieat axis, the pole of which line wt on the 
r parallel xin, the pal fit om. the gnomanic 


rvjection, the indices may be obtained Sp putot on 
“ks positon of tke pole asd droping ferpenicabas eo Une lines sprawetiog ewe 


common snd important among minerals; two others haye several represen= 
tatives, and another # single one only. It may be noted that in four of the 

Tetragonal eymmotry; in the remaining 
three it is an axis of binary symmetry only. 


1. NORMAL CLASS (6), ZIRCON TYPE 
(Ditetraponal Dipyramidal, Holohedtral, or Ditetragomal Equatorial Class) 
90, Symmetry, Vert. Ax-t; 4 hor. Ax-2; hor. P.; 4 vert P.; C.— 


‘The forms belonging to the normal class of the tetragonal system (cf. Figs. 
188 to 210) have one principal axis of tetragonal symmetry (Whence name of 


et 185 
aE: a 

Axio of Totrayonal Mineral, Symmutey of Norra Clam 

‘Ontaheltite @ =e = 1 178 “Tetragonal System 


the system) which coincides with the vertical crystallographio axis, ¢. ‘There 
are algo four horizontal axes of binary symmetry, (wo of which coincide with 
the horizontal crystallographic axes while the other two are diagonal axes 
bisecting the angles between the first two. 


‘The aymmetry and the distribution of the faces of the general form, Akl, 
is shown in the stersographic projection, Fig. 185. 

91, Forms.—The various possible forms under the normal class of 
this system are as follows: 


Symbols 


us, (223); (111); (221), ete. 
ae sss, (203); (101); (201), ete. 
(hkl) as, (421); (821); (122), ete. 
92. Base or Basal Pinacoid. —The base is that form which includes the 
two similar faces which are parallel to the plane of the horizontal axes 
ye indices 001 and OOT respectively; It is an " open form,” 


‘do not incloge a space, consequently this form ean occur only in cor 
‘Cf. Figs, 188-191, ote. This form is always 
cin this work, 


— Prisms, in systems other than the isometric, have been 
forms whowe faces are parallel to the vertical axis (c) of the 

the two horizontal axes; in this system the four- 
are parallel both to the vertical and one horizontal 
are hence three types of prisms here in- 


Prism of First Order.—‘Tho prism of the first order includes the 
faces which, while parallel to the vertical axis, meet the horizontal 
t eciual distances; its general symbol is consequently (110). Tt i¥ 
en, with interacial angles of 0°. tis shown in combination with 
Me 188, IC is uniformly designue by the letter m. ‘The in 
{acts taken in order, ure 120, 110, 11,110. 


100) 
kO) as, (310); fi ar ete. 


i 
i 
F 


fi 
i 


ll 
fal 
i 


‘ft 
E 
E 
i 


EERE 
i 


prism of the second order shown* 
combination with the base in Fig. 199 includes the four faces which are 
‘at once to the vertical and to horizontal axis; it has, therefore, the 
rants doops iy ten tee a nal Ue 
‘he Indices 100, 010, 100, 010.” 
10 
‘Prism, First and Seeond 
‘Seda ee 
‘It will be seon that the combination of this form with the base is the 
analogue of the cube of the isometric 8) 


system. 
"The faces of the prism of the first order truncate the of the prista 


and 
class allows either to be made the first order, and the other aot 
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wt) meas faces have here the indices 210, 120, 120, 210, 210, T20, 
120, 210. 

in Fig. 203 a combination is shown of this form (y = 310) with the second 
order priem, the edges of which it bevels, In Fig. 207 (h = 210) it bevels 
the edges of the first order prism m. In Fig. 208 (I= 310) it is combined with 
ee Lf ila hi f in this class, 

7. Pyramids. — ‘There are three types of pyramids fp this eluaa, cor 
responding, respectively, to the three prisms sehich have just been described. 
‘As already stated, the name pyramid is given (in systems other than the iso- 
imetric) 10 a form whose planes meet all three of the axes; in this system 
the form whose planes mect the axis ¢ and one borizontal axis while parallel 
to the other is also called a pyramid, The pyramids of this clase are strictly: 
double pyramids (bipyramids or dipyramids of some authors), 

96. ‘Pyramid of Birt Order. — A pyromi ofthe et order, ex form whose 
sight similar faces intersect the two horizontal axes at equal distances and 


flso intersect the vertical axis, Tt has the general symbol (Al). It is 
aquare pyramid with equal interfacial angles over the terminal and 

faces replace the horizontal, or basal, edges of the first order prism and 
the solid angles of the second order prism, Tf the ratio of the to the 


horizontal axis for a given first order pyramid is the assumed axial ratio for 
the specie, the form i called the fundamental orm, and it has the symbol 
(111) a in Fig. 192, The indies of fx faces given in order are: Above 
11, Tht, 111, 101; below 110, 122, YT, 11. 


192 193 it 195 


KT 
fer «\ ~» 
W/ — SS W 
“Grid” had ein tamed ccs “Baha, Sect 


Obviously the ungles of the first order pyrumid, nnd hence its geometrical 
axpect, vary widely with the length of the vertical axis, In Figs. 192 and 
200 the pyramids shown have in both cases the symbol (111) but in the first 
‘ease (ostahedrite) ¢ = 1,78, while in the second (vesuvinnite), ¢ — 0.64. 
For a given speciee there may be a number of first order pyramids, vary- 
in position according to the ratio of the intereopts upon the vertical 
and horizontal axes. ‘Their symbols, from the base (01) to the unit 
brim (110), samy thaw be (1), (Ha), Ca), (U1, a2), (22h, (a4), 
ete. In the general symbol of these forms (10), as K'diminishes, the fornt 
approximates more and more nearly to the base (001), for which h = 0; 
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‘as h increases, the form toward the . Tn Fig. 194 
‘the second onder is 


passes 
two ie ‘of this order are shown, p(111) Jon, beni 
‘of Second Order.— The 


seen a ita 


SS 

Veeuviasite 
Ft Order Prim, Fit Order 
Fyramidand ase Fit 


cies, as explained Inter, Ta 
Bema erate intercepts on the axes 


aandc. Hence there aca asin of sae ote symbols: 
may be, for eerie: a0, mais) (02) , (101), (302), Gol Go (301), ete 
‘Those mentioned. me nearest to the base (001), those the second 
order prism (100) ih ater eit fh (hOL) when 
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order pyramid as in Fig. 201 has the same ratio as it has for Ato L Thus 
(101) truneates atetioal edge af (111); (201) of (221), ee, This is obvi- 
because each face has the same position as of the 


ous face 
other form (see Fig. 201, when # = 111 and ¢ = 101; also, Figs. 204, 200, 
where r= 115, u= 105). Again, if « first order pyramid truneates the 


ere 


Sx 


Vemuvianite te 
Flext anit Second Onder Secied Di 

‘Priam Piet Onder Py Priam, Fire 
mill end Base Gnler Pyrat tod ase 


of a given second order pyramid, its ratio for h to 1 is 
Tin of hectber fora that Ch eee Pyraatal edges of (1019, 
(111) of (201), ete. ‘This relation is exhibited by Fig. 204, where. p(L1 
truncates the edges of (201), In both esses the ‘equations prove the 
relations stated, 


100. Ditetragonal — ‘The ditetragonat pyramid, or double eight- 
sided pyramid 1s the form ech of whose So ate feos ae ia 
bad m8 


LAN (DN 
y ll 


three axes at distances, This is the most I case of the 

(Gs, here hE ar al wosoal ua no sear ett Se bm 
sixteen faces in & single form is evident. Thus, for exam » for the form 
(212) the face 212 is similar to 122, the two lateral axes ‘equal (not, 
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however, to 221). ‘Hence there are two like faces in each octant, Similarly 
the indices of all the faces in the successive octants are, therefore, as follows: 


Above 212 122 T22 Dig 212 192 192 212 
Below 212 123 122 312 212 122 12 212 


and its indives are to be of the 
ae of these two forms, nes (101) = 


in Figg 208 Teese 32, it ws the 
= = 321), it 
predominating form. "Tn i. 28 in letragonal 
Pyrunide oc, namely, (31) and <2), 
401. In addition to’ tl ive figures. ale 
ready given, a busal projection (Fig. 208) 8 added 
210 
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of tho crystal of octahedrite already referred to (Fig, 204); also rerwoprephio 
tig, 210) and. gromonic (Pig, 211) pejections ‘of the sane with the 
te thee mae med 1813) ndel "ti = exhibit well the geneeal rlabons 


‘the normal class of the t ‘The syinmelry er 
noted, first, with respect to the tar sone ‘zones 100, 001, oer on ‘ot 
Eko to the other pair of similar zones, 110, OD, 110, uni 110, 00 


‘Goomanle Projection of Octabidrite 


2. HEMIMORPHIC CLASS (7). IODOSUCCINIMIDE TYPE 
(Ditetragonal Pyramidal, Holohedral Hemcimorphic, or Diletragonal Polar Class} 


102, Symmetry. Vert, Ax-4; 4 vert. P.—This class differs from the 
ormal clas in having no boraontal axes or plane of evuunetrys ‘hence the 
forms are hemimorphic as defined in Art. 28. Tis ot knows fo be repre 
‘sented ainong minerals, but is shown on the erystals of iodosu 
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Its aymmetry is illustrated by the stereographic projection (Fig. 212). Here 
the two basal: planes (or pesbcnay ire Gouneeforts, OO ‘tad OOF; ine prisms 
donot diffor geometrically from those of the normal class, though distinguished 
by their molecular structure; further, the pyra- 
mids ure no longer double pyramids, but exch 
form is represented by one -hali of Figs. 192, 196, 
205 (ef, Big. 44, p. 23). ‘There ure hence six 


distinct pyramidal forms, corresponding to the 
pets and lower halves of the first and second 
order pyramids and the ditetragonal pyramid. 


3, TRIPYRAMIDAL CLASS (8). 
SCHEELITE TYPE 


(Tetragonal Dipyramiat, Pyramidal Hemihe- 
ral, or Tetragonal Equatorial Class) 
103, Typical Forms and Symmetry. Vert. Ssminetry of Hemimorphie 

Ax-4; hor, P.; C,— The forms here included aa ae 

have one plane of symmetry only, Uat of the 

horizontal erystallographic axe, ahd one axis of tetragonal symmetry (the 
Vectioal eryazallograpiue axis) normal to it. Tho distinctive forms are the 
Yetragonal prism (ih0) sud pyramid (NEL) of the third onder, shown in Figs. 


24, 215. 
jection, Fig. 215, exhibits the symmetry of the clas: 


‘The stereographie 
anid the distribution of Ue faces of the general form (hkl). Comparing this, 
fas wel isthe figures immediately following, with, 
13 those of the normal class, it i= seen that this 
‘Gus differs from it in the absence of the vertical 


planes of symmetzy and the horizontal axes of 
aymmetry. 

104. Prism and Pyramid of the Third Order. 
= Tetypa formact he cs an above sated 
fare equate ‘s square pyramid, wi 
fre distinguished respectively from the ‘square 
prisms a(100) and m(110), shown ip Figs. 188 
‘and 189, and from the square pyramids (WO) and 
(had) of Figs. 192 and 196 by the name “third 


uel be a deed om i dtregona 
considered as derived from the di 

am forms of the normal elass by taking only one 

nlf the faces of the ltier and the omission of 

‘the remaining faces. ‘There are therefore two oom jentary forms in exch 

ence, designated left and right, which together inelude all the faces, of the 

ditategonal prim (Fi 191) and ditetragonal pyramid (Fig. 206) of the nor~ 


"The indices of the faves of the two complementary: prisms, its (210), are: 


210, 120, 310, 120. 
igh , B10, To, 210. 
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‘The indices of the fnces of the corresponding pyramids, as (212), are: 


Left: above 212, B12, 122; below 2) 212, 133. 

Rights shove 122, ay 12, 212} below 1 123, 212. 
Fig. 216 gives a transverse section ol tae rates 2100) a C10) 

the prism of the third onder (120), Figs. 214, 215 show the 

step fen ae sia toe: 


pr 


yA 


Third Onder Pyraenid 


Other Forms. — The other forma of thls clay that Ss, the bate 
seat eae rie 0 ae See Pe 

f rr 
a laos akonly doatibed. ‘The las shor therefore three ex 
‘squire pyramids and hence is called the tripyramidal class, 


is} 


RecA ecole peepee arena ed webeelite; also the 
isomorphous species stolxite and pos eles It be that they are rather 
Sea eae wallenite (p80). Fig 21 ae 9 ual al 
sehoetit, aa Fig. 218 bun section of one similar; those ilstrate well the 
charseartien ol he aan Here the foros sr e101), i RMD, and the 
third onder he na 4,(131). Fig. 219 represents 
with with nth me, pyran (811), Sco alo Fig 220, 350 


ss fects of ta dua sb attnatins Otero (eee Art. 27) ns showing 


107, Symmetry. Vert. Ax4.—The fourth oy 
class of the tetragonal system is cloacly related 
10 the elas just deseribe. It has the une 


. 
ih figures the forms 102), e(101), 
1 ta i oy aaa sei. 


5. SPHENOIDAL CLASS (10). CHALCOPYRITE TYPE 
(Tretragonal Sphenoidal, Sphenoidal Henihedral, Didigonal Scalenohedral, or 
Ditetragonal 


following symmetry. logrephle ance are axce of binary 
there are t ‘planes of symmetry. 
is exhibited in the stereographic projection (Fig, 224), 


‘This symmetry 

which shows also the distribution of the faces of the general form (i). 
Tt is seen here that the faces are present in the alternate octants 

trill be remembered that this same statement waa made of the tetrabedral 
Clase under the isometric aystem. ‘There is hence a close analogy between 
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these two classes. The ‘of this class should be earefully cor 
with: Tied ase of ths setom trendy dee 


‘sphenoid, shown, in 
Fig, 235, 18 a fourfaced. eolid, resembling a 
tetrahedron, but each fuce is an isosceles (not 


Fe tet epee 
‘cannot be ‘geometrically from the 
fet order pyrantid (IDS 
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copyrite with botn the positive and negstive sphenoids equally developed 
Cieaiy resembles w regular octahedron. 
‘In Fig. 228 the seeond order pyramids e(101) and 2(201) and base ¢(001) 


sre also present. 

110, Scalenohedron. — The dal symmetry yields 
another distinet type of form, that shown in Fig. 226, It is bounded by 
fight similar scalene triangles, and hence is ealled a tetragonal sealenohadron; 
the general symbol ia (Aii).” Tt may be considered as derived from the 
dittragonal pyramid of the nonnaeus by, aking the alternate paire of 
{aces of the latter form, The fes ofthe eomplementary positive and nega 
tive forms therefore embrace all the fices of the ditetragonal pyramid. This 
form appears in combination in chalcopyrite, but is not observed inds- 

endently. In Fig, 229 the form o(S1) ithe pontive ‘tetragonal sealeno- 
in 

TIL, Other Forms, — The other forme of the class, namely, the first and 
second order prisms, the ditetmagonal prism, and the first and second order 
Femi (aD) amd (400, are geometrically’ like those of the normal class. 

i lower aymmetry in the molecular structure is only revealed by special 
investigation, as by etching, 


6. TRAPEZOHEDRAL CLASS (11), NICKEL SULPHATE TYPE 


(Tetragmal Trapeeohedral, Trapezohedral Hemihedral, or Tetragonat Holo- 
arial Class) 

142. Vert. Ax-A; 4 hor, Ax-2.— The truperohedral class is analogous 

to the plagioliedral class of the isometric system; It is characterized by the 

bsenee of uny plane or center of symmetry; the vertical axis, however, is 


en 
© \ 
“J 
ete 

‘Symmetry of Trapezobedral Clase ‘Tetragonal Trapezobedron 

dis of tetragonal ,, and perpendicular to this there are four axes 
of bing pmneny. Ts eytametry ‘and the distribution of the faces of the 
general form (Akl) are shown in the stereogrsphic projection, Fg, ‘230, and 
Fig. 231 gives the resulting solid, a tetragonal trapezohedron. It may be 
derived from the ditetragonal pyramid of the normal class by the extension of 
the alternate faces of that form. ‘There are two Deemed forms called 
right- and left-handed which embrace ‘all the faces of the ditetragonal pyramid 


f. 


belonging to this oluss show circular polarization of light. 
Se tee ends fo cher eal salts bale in Ul ln 


7. TETARTOHEDRAL CLASS (12) 
(Tetragonal Disphenoidal, Sphenoidal Telartohadral, or Tetragonal 
Alternating Class) 

118. Symmetry. Vert. Ax-2.—Tho soventh and last possible class 
under this aystom as no plane or center of rymmetry, but tho vertical axis 
an binary symmetry. The eymmetry 
i find the distribution of the faces of tho general 
shown in the stereographie projec- 


f 
i 
3 
L 


dit pyramid. The other characteristic 
Cote toy th pst na opie spol 
; we ive 
Symmntey of Tetartoheceal of the first order (111), pa ‘those of the 
second order (101). It is suid that an artificial 


11d. Choice of Ares. — It from the ditcusioa of the xrminetry of the seven 
classes of this system that with nll of therm ton of the vertical ax is fixed, In. 
linses 1, 2; hownver, where there are two seta of vertical planer of aymiuetry, either ext 


en in the orginal dese 

F eterabaaton of the Asia Rado, ele —"Tha following relations mvs to connect 
the aaial rato, that i, tho length ofthe vertical axis when == 1y with the fundamantal 
‘hagice (01 A101) and (OOt A111): 


tax (001A 101) =<; tan (001 A 111) x dV2 =e 
For faces in the same metaugular xone the tangent principle applion ‘The moot iar 
portant ease are: 

tan (001A KO) _ he, 

fan (oor ATOR) ~ E 

fan (OOL A 08) _ 

‘an (OF AOI) ~F! 

tan (001 Abid) _& 

0 I 


Ae 
“eawonsai<$, oe sm coho Bi 
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116, Ofer Caleuaions.— It wil be noted nti the teopoble projection i 
Scceel ee aecr eee Of ete css (dn 
eters) which meet the naper ae 040. Too, EY iNet fred i 


cles dees, Begs 108 sat TA sl we fom Oy gem 
otro 110 Hb we ema th poner 11, "SY, H10, or Gotrenn 110 aad 110 
mal he opereto 110, Ob1, 110. 
eee sor bx feadily used to caloulte any angle desires, for 
ex lenge tn pal ay fy GNP 
Sina eter ue n'y i908) ol erase gral 28 
i, GOL, Te ern ane (oA 1s ee), nso be caine i the ea 
2 "Dai ron onc Sc ei a Om 8d 00), 10 


“The above equations take a stapler form for special eases often oocurring; for exnrple, 
cet ena 
oc RE ESS By oe sn 


ao We at q so ors a a 

8 wat Be S say tal 

ho a ik fo ou 

119, To determine, by ‘the axial ratio, « :¢, of 4 tetragonal =nineral trom the 
Pas en rae ahs a ue en be gk 


Se Aiatterale ecto eg og ns al 
\eieugoal etal seein the lect of te cess nae the eh ot 
the @ axem are. SF: Token an equal to 1) He nese, to anne ihe Indios of some 
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ay pe nine ie 
ae He He ie Her 


hes ad ota fra of 8 


ai fisiy gas ! aa 3 
ahd SB8a5 lee bs Bee 3 
ff ae A Ht i 
feted iri : 
fee Tune) a 
gas syste = aye 
merase 
mae salititee oa) eae itt oh a 
aijiieha) ayia! abaplbeled 

<) = u Ese; 

eg ae ae eee eet 


1(315), the intercepts are lay and fie. This gives the exproasi 
site caara htt ge tc a 
hee ari naeremit mon aachhnce 
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hexagonal system inchides all the forms which are referred 
three equal horizontal axes in a common plane intersecting ab 
and a fourth, vertical axis, at right angles to them. 

scotions are here included, each embracing s number of distinct 


the Trigonal (or Rhombohedral) Division. ‘The symmetry of the former, 
i ieio i 
tthe vertical sais, Helongs to the hexagonal type, that of the iattar 6 


28 
? 


£5 
ai 


i 
] 
, 
§ 
i 


EF 
i 
i 


two others ure also of importance among erystall 
In the Trigonal Division there are five classes; of 
6 diem tue Beeahadat Ga Gs et oT ie eal 
‘Type, i by forthe most comnon, and Unee others are 
‘of importance. 


125. Axes and Symbols. — The ition of the 
four ates taken in shown ta Tig. 256;"tho three hort 
zontal axes are called a, since they are equal and in- 
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and ends of the sh : 
Reais a neste 22 ar shown in ig 230, |The gana 


‘Tho corresponding indices for « given plane are then h, ; i, 1; these always 
refer to the mute named in the above scheme,  Sinvo {tia found eonveniest 


the three horizon! 
algebraic sum of the indices 4, &, 1, is equal to zero: 
h+k+i=o. 


‘A. Hexagonal Division 
1, NORMAL CLASS (13). BERYL TYPE 
(Dihezagonal Dipyramidal, Holohedral, or Dikeragonal Equatorial Class) 


198. Symmetry. Vert. Ax-6; 6 hor. Ax-2; 6 vert. P.; hor. P.; C.— 

belonging to the normal clus of the Hexagonal Division have one 
principal axis of hexagonal, or sixfold, symmetry, which coincides with the 
‘vertical crystallographic axis; a ee om ot epee 
treo of these coincide. with the ‘horizontal 


Spe) Sak “ease br ti 
serial ceystallcgraplie ast ‘Thres of ese 
pide ile © 

faxes and the other three bisect the 
‘between the frst set. 
"The symmetry of this’ cluss is exhibited 
panying stereograpl 


z 
a 
E 
fg 
ab 
ne 
ae 
z 
& 
t 
A 
E 
Fi 


in the aocompanying hie projection, 
237, am lowing crystal figures. 
Pee Pha Near ie Pana ae pee Uivesaiaee 


normal ial lass Osho opr cies is obvious 
‘at once and will be better appreciated aa greater familiarity is gained with 
the individual forms and their combinations. 
4127, Forms. —The posable forms in this class are ss follows: 
‘Mille-Bienvais 


(0001), 
1010) 
i 1120) 
vt as, St a ete, 


vk 2h'D os, (10 
(hil) as, (2131) 


PUPP AEE 
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128. Base. —The base, or basal pinacoid, includes the two faces, 0001 
and 000T, to the plane of the ntal axes. It is uniformly desig- 
nated by the letter c; see Fig. 238 ef way. 

129, Prism of the First Order. —There are throw types of prisms, or 
forms in which the faces are parallel to the vertical axis, 

‘The priem of the firet order, Fig, 238, includes six faces, each ane of whieh 
is parallel to the vertical axis and meets two adjacent ‘horizontal axes at 
equal distances, while it is parallel to the third horizontal axia, 1 has hence 
the general symbol (1010) and is uniformly designated by Alte letyer my the 
indices of its six faces taken in order (see Figs. 238 and 247, 248) are: 


10fo, orto, 1100, To10, O71, 1100. 


Fievt Onder Prism: ‘Secand Order Prism ‘Ditexsgonal Priam 


180, Prism of the Second Order.—'Tho pritm of the second order, Fig. 
289, has six faces, each one of which is parallel to the vertical axis, and meets 
the ‘three horizontal axes, two alternate axes at, the unit distance, the inter 
mediate axis at one half this distance; or, which is the same thing, it meets 
fhe la-uamed axis nt peel eit the others nt double this distance,* 
‘general symbol it is uniformly designated by the letter a; 
the indices of the six faces (seo Figs. 280 und ‘2471 

245) in order are: 

1120, T2T0, 2110, Ti20, 110, 2110, 


‘The first, and second order prisms are not to be 
distinguished geometrically from eaeh other since each 


io a regular be prism with normal interfacial 

anglos of 60". are relited to exeh other in the 

fame way the two prams m(110) nnd a(100) of the 
system, 


ot 

"The relation in, position between the fist order 
prism (and pyramids) on the one hand and the second 
order prism (and pyramids) on the other will be 


from Fig. 241, representing «cross section of the two 
prisine parallel to the base e. 


131. Dihexagonal Prism. — The dihezaponal_priom, Fig. 240, is n tweh 
Jed prism bounded hy twelve faces, euch one of whieh is peraliel to, the 


‘ince ay £ hag: —Joy :00€ ie equivalent a 2a, :a5: —1o, 2200. 


HEXAGONAL SYSTEM U3 


‘vertical axis, and also mects two adjacent horizontal axee at unequal distances, 
the ratio of which always lies between 1:1 and 1:2, ‘This prism has two 
unlike lettered 2 and y, 28 shown in Fig. 240. The general symbol 
(héiD) snd the indices of the faces of # given form, ax (2130), are: 


2130, 1230, 1320, 2310, F210, 3120, 
3330, 1230, 1320, 2310, 3210, 310, 


ee 


faces of the first order prism, while they also i hal 
seer iclow, The genesaleyimbol ishence (ADAI). ‘The faces of a given form, 
‘as (1011), are: 

Above 1011, oft, Tiot, Tor, of1s, 1701 

Below 1011, OL, TOT, Toit, ott, Wor, 


First Order Pyramid Second Order Pyramid ——-Diheagonal Pyramid 


and thus forming ee hesen awe (0001) and the faoet of the nl 
A010 sir symbols, passing from the base (0001) to the Bee 
ie Ast, Sire ba for Satan ‘1014, 1012, 2023, 1011, pipnles 

first order pyramids and 


the symbole repose STi) and Suz, hore e080. ‘ea i ia 
these casos the faces of the first order he cresoida roel luce the edges of 
et OE I ra agjod af too cod 


onder pristn. 
order prism ‘a(1130), 

of the Order. — The pyramid of the second onder 
(Big, 243), is a double six-sided pyramid including the twelve similar fnoee 
Wihic have the samo position rintive to the horizontal axes nt the {aoe 


FER OF 
i: 
fi 
ris 
A 
it 
H 
il 
A 
u 


e 
Est 
ae 
5 


2a, La, Le ‘RD ee he ram 
first order unit pyramid between which it lies, uz (1011) ++ 


i 
+9 
5 


3s 
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first order in W0i0), The im ‘& single crystal n 

second ord ih j Bos sono between the base (004 ‘and 
a ees onder prism (1130), 9, them in order: 11 

121, ote Im Pig: 245, # i tho second order pyramid (1121) 


ee 
H 


F 
E 


2131, 1231, Tad, 3371, 3211, S121, 
2131, 1281, 1321, 2311, 3211, 31a. 


Beryl 


203 nln rami 2 wo ie 
. The basal projection of x similar peatiens "Ra yey 
aura a sing the sme of the a 

true of the 2p) goa jection i Pgs a 


fan eae 
248 ofa lke orystal with the added 


fe 


aa’ fx] 
DIL Ls 
wg 
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2, HEMIMORPHIC CLASS (14), ZINCITE TYPE 


(Diheragonal Pyramidal, Holohedral Hemimorphic, or Dihexagonal 
Polar Clais) 


196. Symmetry. Vert, Ax-6; 6 vert, P.—This clase differs from the 
normal class only in having no horizontal plane of principal aymmetry and 
no horizontal axes of binary aymmetry. It lias, 
however, the sume six vertical planes of sym= 
tot meeting at angle of 30° in the vriea 
crystallographic axis which Is an axis of hexago- 
nal aymumetry. ‘There is no center of symmetry. 
‘The symmetry is exhibited in the stereographie 
projection, Fig. 249, 

137. Forms. — ‘The forms belonging to this 
luge nfo the two basal planes (or pedions), 0001 
and 0001, here distinct forms, the positive 
(upper) and neentive (lower) pyramids of each 
A__| of the three type; also the three prisms, which 
Byramtzy of Hemulmorphie Clam nov differ geomotrically from the ‘prisms 

of the normal elass. An example of this class 
is found in sincite, Fig. 44, p, 23, Todyrite, greenockite and wurtzite are 
also classed here 


8, TRIPYRAMIDAL CLASS (15), APATITE TYPE 


(Hexagonal Dipyramidal, Pyramidal Hemihedral, or Hezagonal 
Equatorial Clase) 


138, ‘Typical Forms and Symmetry. Vert. Ax-6; hor. P.; C.—'This 

clat is important beeause it includes the common apecies of ‘the Apatite 

Group, apatite, pyromorphite, mimetite, vanadinite. The typical form is 

the hexngonal prism (Kt) and the hexagonal 0 

Byracaid et), each ited aa of the third 

order. forms which are shown in Figs. 

the crrenpeaing exon foro of Te hee 
f forms of the Nor. 

‘mal class by the omission of one half of the 

faces of the latter. ‘They and the other forms 

‘of the class have only one plane of symmetry, 

the plane of the horizontal ron sank aaa, 

axis of hexagonal we verti . 

paphie jPoletiog (Py 350), 1t i on ee, 

ie projection (Fi ). Tt is seen 
in the figures of given, that, like the 
‘Sepia a use ped Sere Ct 
‘faces ol general form resent are half of the possible 

belonging ¢0 each soctant, and further that those aboye and below fall in the 

see Praas tal Bycanil of the Thicd Orde ‘The prism of the third 
an 2 

order (Fig. 251) hus six like faces embraced under the general symbol (Ak10), 


HEXAGONAL SYSTEM nT 


snd the (rm: iso regular hexagonal prism with angley of 0, no to be dic 
Hinguished geometrically, if alone, trom the other ial prisms; ef, 
Fig. 238, 250, p. 112. ‘Thosix tae of the right-handed form (2130) have the 
2130, Ts20, 3210, 2130, 1320, 3210. 
‘The faces of tho complementary left-handed form have the indices: 
1230, %3To, 3120, 1230, 2310, 3720. 
As nlready stated these two forms together embrace all the faces of the 
ddibexayonal prism (Fig. 240), 


WV 


‘Thin Order Prism ‘Third Onder Pyramid 
The pyramid is also 1 routes double hexagonal pyramid of the third 
the 


onter, and in {ta rolations to the other hexagonal pyramids of the clase (Figs, 
242, 43) it bs analogous to the equare pyramid of the third order met with 
in the corresponding class of the tetragonal system (see Art. 104). The 
{noes of the right-handed form (2181) are: 


Above 2141, Ta3t, Sau, 2131, 1324 
Below 2031; 19K, Sant, 31%, 18a 


82T1, 
[, 3211, 


— ‘The remaining ‘are geometrically 
like those of the normal class, vin,, the base (0001); the first order 
(10{0); the second order prism (1120); the ‘order (ROAD; 

the (i eae ele cece ae 
‘tury, however, readily proved, for 
(In this way it was shown that pyrom 
in the sume group with apatite (Baushauer), 
corystala with the typical forms had not been observed. ‘This class is given 


8 crys. 


ALLOGRAPEY 
‘141. A typical f apatite Is given in Fig. 254. Tt shows the third 
ria Natd0)- and the thd enter pyran 


order ‘A(2130), and the Py » w(2131), n(3141)5 also 
the first order pyramids r(1012), ato, (2021), the second order pyramids 
m eae ; finally, the prism m(1010), and the 

ci 


4. PYRAMIDAL-HEMIMORPHIC CLASS (16). 
NEPHELITE TYPE 


(Hexagonal Pyramidal, Pyramidal Hemihedral 
Hemimorphic, or Hexagonal Polar Class) 

142. Symmetry, Vert. Ax.-6.— A fourth class 
under ihe hexagonal division, the, pyramidal hemi- 
morphic clase, ia like that just described, exeopt that 
the forms are hemimorphie. ‘The single horizontal plane of aymmotry is 
absent, but the vertical axis i till an axiy of hexagonal symmetry. | ‘This 
symmetry ix shown in the stereographic projection of Fig. 255. ‘The typical 


pars 


Symmetry of Pyramiial-Hemimorphic Clase Nephulite 


form would be like the upper balf of Fig. 252 of the pyramid of the third order, 
‘The species nephelite ig shown by the character of the etching-figures (Fig. 
256, Groth after Baumhauer) to belong here. - 


5. TRAPEZOHEDRAL CLASS (17), p-QUARTZ TYPE 


(Hexagonal Trapecohedral, Trapeohedral Hemihedral, or Hexagonal 
Holoaziat Class) 


143, Symmetry. Vert. Ax-6; 6 hor. Ax-2,— The trapesohedrat elane 
has no plane of symmetry, but the vertical axis is an axis of Pesnpoal. sym 
tmetzy, and there are, further, six horizemtal axes of binary symmetry. There 
is.no center of symmetry. The symmetry and the distribution of the faces 
af the typical form (Hk) i shown in the steeographic projection (Fig. 257). 
‘The typteal forms may be derived from the diexagonal pyramid by the 
‘omission of the alternate faces of the latter. ‘There axe two possible types 
known as the right and left hexugonal trapezobedrons (sce Fig. 258), whieh are 
eauntiomorphous, and the few crystallized salts falling in this Case show 
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siroulur polarisation modifontion of quastx known ax A-quarts is also 
ieee as belonging here, ‘The indices of the right form Wat) are at 


Above 2131, 1321, 3211, 2131, a ay 
68 


‘Symmetry of Trapesobdral Clam Hexagonal Traperahedron 


6. TRIGONAL CLASS (18), BENITOITE TYPE* 
(Ditrigonal Dipyramidal, Trigunal Hemihedeal, Trigonotyype, or Ditrigonal 


‘Equatorial Claes) 
144. Forms and etry. Vert. Ax,-3; 3 hor. Ax-2; 3 vert. 
P.; hor. P, — This clive lins, besides the vertical axis of trigonal aymmolry, 


three horizontal axos of binary syrumotry which are diagonal to the eryxt 
Jogeaphio axns.. ‘There are four planes of symmotry, one horizontal, and threo 


Symmetry of Trigonal Class Renitoite (Paluche) 


vertical dingonsl planes intersecting at angles of 00° in the vertical axis. 
‘The symmetry wo the dinribntion of the faces of the positive irigonal 
Byzamid are ahown in Fig. 250, ‘The characteristic forms ure ns follows: 


Tiaonal prism cousigting ot three faces comprising one half the faces of the 


“Symmetry Glam 14 wil 19 were formeay group under the Rhombohetral Divivion 
because of tua vertical nim of triguostyymmety. Chey are now known fo be irocturally, 
‘ala cd taageal camo andre Sore progrly placed bere 
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prism of the first order. ‘They are of two types, called positive 

(1OTD) snd negative (O1T0). T'rigonal pyrannid, « double tlires-faced pyramid, 
ing of ax faces corresponiling ta one half the faces of ihe hexagonal 

pyramid of the firs order, Tt 

‘vertical zones with each other, ‘There are two types, called postive. (Tl), 


Fig. 260, ‘This orystal shows the trigonal ‘prisms m(1010) and (0110), 
the mal 


(4011) and (OH); (112) and tho hexagonal pyramid ofthe seond order, 
(2A), 


7, TRIGONAL TETARTOHEDRAL (19). DISILVERORTHO- 
PHOSPHATE TYPE, 


(Trigonat Dipyramidal, or Trigonal Equatorial Mass) 


145, Vert. Ax.-3; hor. P.—This class has one plane of symmetry — 

that of the horizontal axes, sind one axis of 

trigonal eymmetry— the vertical axis, There 

fx no centor of xymmetry. Its charaeteristic 

forms nr he thet! types of trigonal zie 
‘and the three correspon of t 

poramida; ef. Fig, 261," Ths lass tne no 
OWN representation axnong miterals, 


B. Rhombohedral Division 
Five classes arv included in the Rhombo- 
hodral Division of the Hexagonal Systetn, of 


& “retaro- Which the Rhombobedral Class of the Caleite 
eal it ‘Type is by far the most important. 


1, RHOMBOHEDRAL CLASS (20), CALCITE TYPE 


(Ditrigonal Sealenohedral, Hexagonal Scalenohedtral, Rhombohedral Hemihe- 
drat, or Dihezogonal Alternating Clas) 


148, Typieal Forms and Symmetry. Vert, Ax-8; 8 hor. x. Ax-2; 
3 vert. ding. P.; C.— The typical forms of the rhombohedral class are tho 
rbombohedron (Fig, 268) and the sealenohedron (Fig. 278). These forms, 
‘wilh the projections, Figs. 262 und 288, illustrate the symmetry eburaeleristi¢ 
of the elass. ‘There are three planes of symmetry only; these aro 

to the horizontal crystallographie axes and intersect at angles of 60° in the 
vertical crystallographic axis. This uxis is with these forms an axia of trigonal 
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symmetry; there are, further, three horizontal axes parallel to the erystal- 
graphs axes of bintry eyauetry ef. Fig, 26 len Fy, 204 of eg, 

‘By comparing Fig. 28 wish Fig 2470-118, wl ‘beseen that all the faces 
in the seetants are present. ‘This ip is hence analogous to the tetra~ 
hiedeal clus of the isometric system, and the sphenoidal class of the tetragonal 
system. 

147, Rhombohedron.— Geometrically described, the rhombohedron is 
1 solid bounded by six ke faces, eneh x chomb, It has six like lateral edges 
Forming « xigeag lino about tho crystal, and six 
like terminal eciges, three above and ‘threo in 
alternate ponition below. “Tho vertical axis join 
the two tribedral solid angles, and tho borlzon~ 
tal axes join the middle points of the opposite 
sides, ag shown in Fig, 265. 

“The general symbol of the rhombohodron ia 
(AOAD), and the successive faces of the unit form 
(L011) have the indices: 


Above, 10T1, Ti0t, OTM; — below, OrTT, 
Toul, 11or. 


“Tho geometrical shape of the rhombohedron 
varies widely ax the angles change, and conse: 
‘quently the relative length of the vertical axis ¢ 
(expressed in Lerma of the horisontal axes, a= 1}. _Awthe vertical axis dimin- 
{thes, the rhombohedrons become mare and more obtivve or flattened; and as 
it increases they become more and more acute. A oubo slaced with an oo- 
tuhedeal axis vertical Is obviously the limiting ease between, the obtuse and 
heute forms where the interfaciil angle ix OF. In Pig, 263 of ealeite the 
formal Thombohedral angle is 74° 50’ and ¢= O854, while for Fig. 265 of 
Hematite this angie in OF" and ¢ = 1266, Purthor, Figs, 265-270 show other 
hota on of exe, namely, (ONE), (0884), (0221), MCDA), and 
PUGUTS); here the vertical axes aro in the ratio Of }, 4, 2, 4, 16, to that 
Gf the fundamedtal (cleavage) rhombohedron of Fig. 26%, whose'nnglo deter- 
mines the value of ¢. 


Ne 


Positicn Rombohedn Negative Rhombobediran 
aierte 


148. Positive and Negative Rhombohedrons. —To every positive rhambo~ 
bediron there may be an inverse and complementary form, iidatica ‘geometri- 
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but bounded by faces falling in the alternate sectants. ‘Thus the nega~ 
rad haohen ngiit elim deren (0111) shown in Fig. 264 has the faces: 


Above, O11, Tor, 1101; below, THOT, of11, 1017. 


‘The position of these in the projections (Figs. 288, 289) should be carefully. 
studied, Of the figures already referred (o, Figs, 263, 266, 269 are positive, and 
264, 260, 207, 268 negative, rhombohiedrons; Fig. 270 shows both forms, 
Te will be seen’ that, the two complementary positive and negative thor 
bohedrons of given axial length together embrace all the like faces of the 
double sixsided hrsagonal pyramid of the fir order. When these two 
Thombohedrons are equally developed the form Is geometrically identical 
ih this pyramid. ‘Thin unrated by, Fig. 274 of gone {L011}, 
o(O1T1) and by Figs $08, 304, p. 130, of quartz, r(10T1), 200111).* In 


Fig 265-71, Calcite Pipa 272-073, Cmelinite 


case the form, which is geomotrieally « double hexagonal pyramid (in Fig. 
27% with c and m), {s in fact. combination of the two unit thombohextrons, 
positive and negative. Commonly a difference in size between the two forms 
may be observed, us in Figg 272 and 305, whore the form taken as the pisi= 
tive rhombohedron predominates. But even if this distinction cannot be 
established, the two thombohiedrans ean always be distinguished by etching, 
fr, 24 in the ease of quarts, by pyroolectrieal phenomena, 
149. Of the two series, or zones, af thombohedrons the faves of the powi= 
tise rhombohedrone rephiee the elges between the base (0001) and the first 
‘order prism (1010). Also the faces of the negatine rhombuhedrons replace the 
alternate edges of the same forms, that is, the edges between (0001) and 
(0110) (compare Figs, 272, 273, ete,). Fig. 274 hows the rhom| 
fn combinntian with the base. Fig. 276 the same with the prin a(t 


herve na a convenient itration in thin ass, notwithstanding the 
‘he tmpescdeal clas uf thn dividoa. =? fd 


it tata to 


HEXAGONAL SYSTEM 123, 


When the angle between the two forms happens to approximate to 70) 32) 


of a regular " 
by Fig. 276; here co = 61° 42', also oo = 71° 22/, and the 
closely an ostaledron with truncated edges (of. Fig. 117, p. 72). 


is illustrated. 
resembles 


Figs 274, 275, Hematite Coquimbite Fadialyte 


160. 'Thore ia» very simple relation between the positive und negative 
rhombohedrons whieh it is important to remember, ‘The form of one series 
‘which truncates the terminal edges of a given form of the other will have one 
Tit the intoreept om the vertioal crystallographic axis of the Inter. hie 
ratio is Hn the values of the indices of the two forms, ‘Thus (0112) 
truneates the tennlnal tren of the poate Unt honbebeien (OT); 

truneates tho termi of , (1015) of . 

i (abt et (Gants, ete, Th Pires 
trated by Fig. 271 with the forms (1011) and f(O221). — Aleo in Fig. 27, 
banal projection, 2(1074) truncates the edges of ‘«(01T2); 

(0112) of vt bid 
aise ied 

8, genes 
symbol Md, Tt 


rhombohedrons, the 
negative. ‘The 
positive rhombobedrons and cons 

‘Tho positive sealenobedron (21S), Fig. 278, has the following indices 
for the several faces: 


‘Above 2131, 3301, Sau, 1231, Wat, 3131. 
Abore 20 Fy Siak, Biot, i, att 

For the complementary negative scalenohedron (1231) the indices of the 
x you, Tati, 312i, 231, 2311, sai 
Stoo BH Sait, 2st) 182, siah, 2131. 
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F ot Setleachedrons to Rhombohedaos. —It waa noted bore that 
shan i punrel a tases 


oy 
18. enohedron oe ste. Further, irou 
Si Ware Sw tee ete a a tae a 


(iN 


Figs 288, 28, Corundun Fign 285, 290, Spangoltat 
nt exit in {or game for the hom 
rou mak 


oar ON, a ase th protons, 


dr ce 
eetk at rhombobeon recap Hg 2 aS Geers : 
Aen Hig Bt (004) has te he area 


163. Other Forms. — ‘The remaining forms 
of this class which mi be termed th 


ip normal 
lass of the rhombohedral division re geomatel- 
ey th ft comepo ing class of tho 
hexagonal dis ibe base OUT the 
prisms m(1010), ati, ita: ‘also the second 
odes pyramid 48 (121). 1), Samat Shove forma 


ture shown in 

further Illustrations refertne my eid 

tyrloal rhombohedral species, nz ity ae, 
eto, 


SHO ft a Wen re ral it is interesting to note that if 
to the 
a: Spagelite belongs properly to the nxt (hemtinarphie) group, but ths fact doer not 
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it occurs alone (as in Fig. 283, n = 2243) it is impossible to say, on geometrical 
grounds, wit it has the ; rinse the shocabohedmal 


symm 
or the umetry of the type, In the latter 

form might be mala eal order pyramid by exchanging the axial and dingo 
tis with corundum, by erystitis of hom 
noes, as 7(10L1) in ig. 28h (here z= 2201, w = 1414283), Even if 


rhombohedral fs ‘hsent (Fig, 285), the etching-figures (Fig. 286) 
wikgten set reval the tras Ginna inolecular ayoumecry; eo = 

TA A basal rejection of n somewhat complex erystal of calcite is given 
in Fig. 287, and pie und gnomonie projections of the same forme 


2 RHOMBOHEDRAL-HEMIMORPHIC CLASS (21), 
‘TOURMALINE TYPE 


(Ditrigonat Pyramidal, Trigmat Hemihedeal Hemimorphic, or Ditrigonat 


Polar Class) 


155. Symmetry. Vert, Ax-9; 3 vert. diag. 
PLA camber Gf prominese oniochedtal 


sion. For them the syramotry in the rrouping 
2, 


7 Yertical axis. Tho forme have the same throe 
j diagonal planes of symmetry meeting at angles 
/ MG" tn tho vortan! ania, which phn mae ot 
trigonal symmetry. There are, however, no 
horizontal axes of symmetry, as in the rhom- 
ral clam and there iy tio enter of eym- 


Symamety of metry; ef. 
Rhumboteriza)-Homimorphis "TBA “iyptal Forms, —In thia the 


basal 
thot forma rhe ether oii, (oF Pion) (001) and (DOT) aro dis 
wt forms. ther characteristic forms are the two trigonal prisms 
mCOT0) and m(01T0) of the fra order serie: alto tho four Lrgondl feet 
‘order pyramids, corresponding respectively to the three upper or Lhe lower 
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faoes of a positive thombobedron, and the there or three lower faces 
of the negative thombohedron; also the second order hesago- 
nal pyramid; finally, the four ditrigonal pyramids, corresponding 


lower fi af the positive and tive scalenohedrot 
a a (actteRhes fag 200 isu basal eoction with r(O1H1) 
i ow. 


& 


8. TRI-RHOMBOHEDRAL CLASS (22), PHENACITE TYPE 
(Rhombohedral, Trigonal Rhombohedral, Rhombohedral Tetartohedral, 
or Hexagonal Alternating Class) 


5 
iE 


a 
Fi 


ie 


if 

qted 
ei 

i 

i 

F 

i 

35 


srottmlnioce Clon 


re and negative. For example, in a given case the indices of the 


itl 
i 
: 
| 
Ht 


anne howe) Hes He HE Qos) Hm Te Tae 
“The rhombohairon of the thin ender has the general roc (by taking 


‘may be derived from the normal dihexagonal pyramid, 
one quarter of the faces of the Istter. 
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‘There are therefore four complementary rhombohedrons, dis- 
tinguished respectively as positive right-handed dod (2130, posite iecnanded 
(8121), negative right-handed (1321), and nogative left-handed (1231), ‘The 
inclices of the six like faoes of the positive right-handed form ‘alin are: 


Above, 2131, 3211, 1321; below, 1921, 213%, 3217. 


‘The hezagonal prism of the third order may be derived from the normal 
dihexagonal prism, Fig. 238, by akg on al the ry of eh ater, ‘There 
fare two complementary forms known He and Iet-handed. ‘The faces 
of these forms in a given ease (2130) have 


2130, 1330, 3210, ain ‘theo, ‘3270, 
a es 


159. ‘The remaining forms are ically Hike thoes ofthe a Boat: 
heel claw vis. Base (0001); frat order prim (10) TO) son 
prism a(1130); ‘thombohedrons ‘of the first order, as (1011) and “only 


ote, 
"460. ‘The forms of thin group are illustrated by Figs, 200-208, Fig 0 
iy of dioptave and shows the hexagonal prey, of the toon are a( L120) 

with « negative first order rhombohodron, «(0221) and the third order thom 


or ies = 4 
¢ ti aging emery ‘also be helpful in connection with Fig. 200, tt 

the faces of the four rhombohedrons of the third 
wre +H, —7, =O relatively to the faces of the unit hexagonal prism 


4. TRAPEZOHEDRAL CLASS (23). e-QUARTZ TYPE 


(Trigonal Trapezohedral, Trapezohedral Tetartohedral, or T'rigonal 
Holoazial Class) 


161. Symmetry. Vert. Ax.-3; 3 hor, Ax-2.— This cass 
ietia Tne apstice Quarts nod einmabar. ‘The forms have no plane of 
» ce eee of symmetry: te vertical axis, however, An ais 


Trion eymmetry, and there are also three horizontal axes of binkry 
mete ti disection with the ceystallograpiic axea; cf. Fiz. 800. 
fron shown ia Pig. 401. te oth me 
a ‘: 

{ng tothe syrobol (Ri), the faces being distributed a indicated in the 
ep 302). "The Faces of this form 
‘correspond to ane quarter of the faces of the normal ora 

‘are therefore four two positive, 
‘and two simi 


respectively right-handed (Fig 301) and ys 
jai aa ‘also right- and left-handed (see the scheme given in 
‘Art. 164). 11 is obvious that the two forms of Figs 301, $02 are enantio- 
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ilsrization is a striking character of the species 
gig to the ag eae dicted, 


igs 300,247 oni cone roe fen 
} 27 andl 248. ‘complement itive form 
siven symbol include the twelve face of a postive tealen he. 
© faces of all four as already stated include the twenty-four 
faces of the dibexagonal pyramid. 


300 sot 02 


Symmetry of Trapenatiedtral Clam “Trigoual Traperoberone 


Corresponding to thesw traperohedrons there are two ditrigonal prisms, 
respectively right: and leftchanded, as (2130) and (3120), 

“Tho remaining characteris forms ure the right- and left-haniled trigonal 
Brim (1120) ane (210); also the right- and Ieft-handed trigonal pyramid 
us (1122) and (2172), ‘They may be derived by taking respectively one half 
the faces of the hexngonal prism of the eeeond order (1120) or of the corre- 
sponding pyramid! (1122);,thowe aro shown in Fen. 249 and 243, 

163. Other Forms. — The othor forms of tho class ure geometri 
luke thowe of the norsnal rhombohedral class. ‘They are the Same (0001), 
‘the hexagonal first ordor prism m(1010), and the positive and negative rhombo- 
Hedrons ay (LOT) and (OLT1), -‘Phese' cannot bo distinguished ‘geometrically. 
from the normal forms, 


164. Illustrations, — The forins of this eluws ure best shown in the epecies 
quart. As already remarked (p. 122), simple cryatala often appear to be 
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the rhombohedrons r(10T1) and 2(01T1) 
Tn many eases, however, a differ- 


Hl 
i 
i 


: 
t 
[ 
i 
i 
g 
B 
: 
7 


tmouly one rhombobedron, r(1011), predominates in size; the distinction ean 

ara be mud ot pe ‘ae ea the 36, hows 
faces the right trigonal pyramid a five trapeuo- 

Bane ose GIO. Sach ervtas are ale right-handed’ and rol 

plane of polarization of light transmitted in the direction of the vertical 

Enis to the right, A crystal, like Fig. 306, with the lof trigonal 

s(2111) and one or more a8 x615D, ie alled 

and as ight has the opposite character to the crystal of Fig 08, 

Fi ee th several posite 


negative left trapezohedron, 

‘The following scheme shows the distribution of the faces 
trapezohedrons (+r, +4, —r; I) relatively to the faces 

mal prism (1010); it is to be compared with the corresponding scheme, 
Fret itt Art, 160, of crystals of the phenacite type. In the caso of the neg 
i fo vorue hors pofr to make the aes 2151 LEH, et righ wat 
BIRT, 1821, ete, left. 


Quarrs Tree 
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6. TRIGONAL TETARTOHEDRAL HEMI- 
MORPHIC (24). SODIUM PERIODATE 
TYPE 


(Trigonal Pyramidal or Trigonal Polar Class) 


‘eit angylr clomet ie pouly taker the angle between the base (0001) 
magyar lst pucly taker 
‘unit Oot onder pyranild (LOT), that ty 0O0L A 10Te singe 


Me tlt Gateen th egies theater by hn oem 
tan (OOOL A 1611) 3 Vl =e 
‘The vertival wxis bs also easily obtained from the unit second orter pyramid, sine 
‘tan (0001 A 1122) = « 
‘These relations becoae general by writing them ae follows; 
tan (O00 A RORL) XV = 1 Xe; 


py 


tan (0OOL A WADE) = FP 6. 


Tn grows i eet obtain any required ale betnaen the ple of to fac om the 


npherieal projection elther by the tee of the tangent (oe cotangent) relation, or by the 
cot by the ‘of beth methods. Ti prscliee moat 0 
Pon cota ea Laon 
Se sc nj nay oe 
otic Pee 
an (001A Okt) tau (000A dW2KiD Dh 


wo ont AtoT) ~ EF “yan (Oo0k Aaa) 
{In the primate one, tho 1 formula taken « simplified form; for example, for # 
iseeagbnal pio, AND, an BO ss e 


cn To i = AGE 


eat (1100.4 Atao) = AEE Vg, 


Pagan chaste 100 hee ia inc cre poe ae, apie tn 
in sare as 
Po te ete tee een LOEO ant fcr te sone OT io GFT Mere the 
ate ‘TOTO and this face is known; of again, for the nme 
1010, the 


i, in 
peg ent ere ne ee ay 
xt (1070 A ht) = eot (070 A oxy) 2 *, 
and 
cot (1120 A Abt) — oot (1150 A 10T1) PE 
‘Also similarly for other somes, 


cot (40TO A at) = eot (1070 \ 0281) - AEE, ete 


cot (1130 A it) = et (1120 A, 2008) FEF ote, 
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100, Other Angular Relations. — ‘The following simple relations are of frequent. wa: 
{ih Por hezagomal pyramid of the irl order, se! = 


tan (lOTt A O1T1) = sing VI, where tan = 6, 
and in general 


tan | 00K A Onk) = sin EWG, wheretan b= fe. 
(2) For m hezngonal pram uf the cond order, a8 (1132), 
Baio | (NEDA T2T2) = sin and ta 
(8) For a chombehntron 
i § (OTL A TOL) = sin aVF, hore «= (0001 A 10T1); 


{n general 
sin} (NOKL A Kho) = nin aE, where a, = (0001 A Hot) 


io cer Spc or: ccd ce is 

oi ett a hl ie er 
= 

‘empl the see some in wl te fan (ALU, grt Ue are 


ra a 4} 
ve ren 
where Pee a ee 
(1 24) the face in th one, YOTO-2131. a le nthe wane 
TESS SOHE (Tee ent mete vlna elated ar» = re tt forte 
eh a hs tet Cine tase we bel acon Yo te taal 
oR oR Tt 
1 ae 
‘Tha face » indice 314, since further & = ~(h 48). 
nen he, le i ee a chek equa the unl Sng th 


fmometimen useful 
i) ‘tive distances (soe Fle 247) of the pole of suy face (Akt) from the poles of Uhe Faces 
(1010), (0170), (1100), and (000K) are xzven by the following equations: 


eh +o 
VFFew seem 


eth 
(atu corto) — é 
coe (it (0) = ee a 


ccm (Abs) (1070) = 


ab 

om Gt) 1100) = ae Ea 
oi ep00t) = iva 

= )- eT ee TET 
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The ‘between the 
wy Deora poles of any two faces PMH) and Q(pyH) fs given 


* ‘lt + 2 (hy + pk + Dp + hy) - 
On PO Serna Fi + MTF AGE TPT 


) For epoca cages the above formula becomes implied; it serves to give the value 
et Rareoel egies tes eeve fonan ie tia omens they ores lbs 
(a) "Byram af Por Orde a), Fg. B42 = 


oan cuit) = BENE a a) = BESS, 
‘Fig. 243; 


00% (taal) = $= 


08 X (aoe Fig. 244) = 


4 200 4 4b) 
+ +i” 
co ree = LE 
et + +) — 30 
eon (onl) EAT UE RE AE) 
@)_Dihexagonal Prinm (hii), Fig. 240; 


cee (a = MERGE an 7 nen) « 


(@) Rhombohacrom (OT); 


coe X (terminal) = Spe aya 
(1) Séalenohadrom (ht): 


BD + de (2k* + th — AY) 
om (he Fig. 207) = aE 
oon ¥ (eng, 7) SRE SE GM BN — 
22 (M4 Bh An) — 8 
oe (tmsal) = 3 
Angles, — The angles for commonly occurring dihexagonal peiane 
and soca car peut no given i th flow tale HES 
“ay 


Nt + 2hk — 
TW Rea 


z. 


ae 


in 


aul 


Ba 


Mite and Mitler-Prarae Irticen Commpared 


pram 
ote 


Ihave the intces 100, 010, ant ODL 
as 


‘have 110,011, 101. The 
‘ALI, ets, while the second order prism 


penitive rhombobedron 
senied by 


sit 


i 
Sa em 
ote ert 


Pahkeh gek—Ath pe ntk—k 
b=UFG bgt 

The bets the Miller (nitlow f¢ fe those of 
sna i" oe oer Sore so a 
interfacial angles of 90" and 
en ‘hang the ortetation my dat 
the ne to the ootabedral 
face (11) rte vertionl we 


+ 
(ahem pe Rbete, 


peed 
us of a pep eyed 


hn radius 
rire. Draven (rama the 
teenie of the peojeetion Ure 
‘another le 


the » Dew 
Ci ad 


oo of unit egth fo axia, havi 
eterno of ni eat of ee having ve thn 
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IV, ORTHORHOMBIC SYSTEM 


(Rhombic or Prismatic System) 


‘Axes. — The orthorhombic 


‘are referred to three axes at right 


178. 


forms 


different 


syetags 


ay i 


ae 


* 


1. NORMAL CLASS (25). BARITE TYPE 


Awe 


(Orthorhombic Digyramidal, Holohedral, or 


Didigonal Equatorial Class) 


‘(Barite) 
479, Symmetry. 3 xl. Ax-2; 3 xl. P.; C.—The forms of the normal 


clase of the orthorhombic 


are characterized by three axes of binary 


system 
symmetry, which directions are coincident with the erystallographic’ axes. 


(aod also in the triciaio xystem) 


crystallographic 
"The symmetry of the eless is exhibited in the accompanying stereographic 
jection, Fig. 315, ‘This should be compared with Fig. 109 (p. 69) and 
Fig. 185 (p. 98), representing the symmetry of the normal classes of the 


axes, 8 

Unlike m the three axial dirvetions, | Compare 

pre 110 (p. 71), 189 (p. 95) and 316 (p. 
180. Forms. —‘The various forms possible 

in this class are as follows: 


Indices: 

1, Macropinacoid or a-pinacoid ... (10 

2, Brachypinacoid or b-pinacoid... (010) 

3. Base or c-pinacoid ~ (oot 

oe a ren 

& Bly 50 

See arena 

In general, us defined on p. 47, inn Lad led 
sedi nda nae proves ice wr a 
er toe ie rel abu atte vera ae “Appr Tors 
Beale or orn ea 


“These terme are use in the above sense not only in. the ortharbounbie syatens, but 
In the manoelinie and triclinic wystems 


181, Pinacoids. — ‘The macropinacoid includes two faces, each of whi 
is parallel both to the macro-axis and to the vertical axis ¢; their 
fare respectively 100 and 100. ‘This form is uniformly designated by 
letter a, and is conveniently and briefly-called the a-face or Gtiaes 


i 
i 
| 
i 
I 
Es 


‘ 


‘The brachypinacoid includes two faves, each of which is 
the brachy-axis 4 and to the vertical axis c; they have the indices 010 
ato, a form is designated by the letter bs i is called the beface or 

inaco 

"The bose oF basal pinaeoid includes the two faces parallel to. the plane of 
the horizontal axes, and having the indices 0O1 and QOL. This form is desig 
nated by the lotter’o; it is called the e-face or the e-pinacoid. 

Tach one of these three pinacoids is an open-form,{ but together they 
sake the so-ealed dameratpriam, shown in Fig. 316, 2 oli which isthe 

‘of the cube of the isometric system. strically it cannot be 
Aistingulabed from the eube, bu i differs in having the aymmetry unlike i 
the titee axial directions; this may be shown by the physical char 
acter of the faces, 6, b, ¢, for example as to luster, striations, ete.; or, again, 
hy the cleavage, ” Further, it is proved at ones by optical properties, This 

7 From the Latin damus, because resembling the roof of « howe; ef, Figs. $19, 320, 

Seep. 48. 


u 


Fa 
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diametral priem, as just stated, hus three pairs of unlike faces. Tt has three 
kinds of exiges, four in each set, parallel respectively to the axes a, 6, and ¢; 
it hay farther, ight similar eGlid angles. “In Fig 310 the dimensions aro 
turbitrarily made to correspond to the relative lengths of the chosen axes, 
but the student will understand that a etystsl of this shape gives no informm 
tion as to these values. 

182. Prisms. — The prisms proper include those forms whose faces are 
parallel to the vertieal axis, while they interseet both the horizontal axes; 
their general symbol is, therefore, (Aki), ‘These all belong to one type of 
rhombic prism, in which the interfacial singles corresponding to the two une 
like vertical edges have different values, 


Meacron, Beachy ane 
‘fl Paws 


‘The unit pritm, (110), is that form whose faces intersect the horizontal 
sag i rel ting i serpin othe nd i ao 
a: for the given species; in other words, the angle of this unit 

fis uit lnitie ofthn Revisoutal tase tha oes ae te perio 
wih he basal pinacold in Fig. 317; i i unioray deity the lttr 
m. ‘The four faces of the unit prism have the indices 110, 110, 110, 110, 

There is, of course, a large number of other possible prisins whose inter- 

is upon the horizontal axes are not. proportionate to their unit 
‘These may be divided into two classes as follows: macroprinms, whose faces 
lie between those of the macropinscoid sind the unit prism, bruchyprisms 
with faces between those of the jbrachypinacoid and the unit pris. A. 
macroprism has Co peaa rea (ikO) in which & > k and is represented 
by the form 1(210), Fig. 318. A brachyprism hae the general symbol (M0) 
with A < & and is represented by n(120), Fig. 318. 

488. Macrodomes, Brachydomes. —'The macralomes atv formu whose 
faces are parallel to the macto-axis b, while they intersect the vertioal axis 
cand the horizontal uxis a; hence the general ayebal is (AOD. ‘The angle 
of the unit macrodome, (101), fixes the ratio of the axes ase, "This form is 
shown in Fig. 319 combined (since it isan open form) with the brachypinaeoid. 

In the macrodome sone between the base c(001) and the ‘tmacropinacoid 
Se cae ade ned, Hag) (10) “(o) HOM) eae), (3), ON es 

n tue (103), (102), (203), (101), Gd), (201), (BON), ee 
ef fand 337 deseribed later, 220) aM 


4 


L. Figs. 336. 

tirachydomes are forms whose faces are parallel to the br 7 
hile they Intorsent the other axes € and b; their guneral epeieris GOL, 
‘The angle of the unit brachydome, (oun), which is shown with “(l00) in 
Fig. 826, determines the ratio of the uxes bc, 
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‘The brachydome zone between c(001) and (010) includes the forms 
{013}, (012), (023), (O11), (082), (021), (081), eta.s 836 and 397. 

sets of domes are often spoken of 1s horizontal prisms. ‘The pro- 

priety of this jon is obvious, since they are in fact prisms in geo- 

Inetrical form; further, the choice of position for the axes which makes 

them domes, instead of prisms in the narrower sens, is more or less arbitrary, 


4184. Pyramids. — The pyramids in this system all belong to one type, 
the double rhombic pyramid, bounded by eight faces, each n scalene triangle. 
‘This form has three kinds of edges, x, y, # (Fig. 321), each set with a different 
interfacial angle; two of these angles suffice to determine the axial ratio, 


Macrodome and 
Brachypinncoid, 


syrannids, 
"The wait pyramide are characterized by the fact that their iterenpts on 
unit prism; that 
For them, ierstere 
be different unit pyramlile on eryatals of the sume wpecien 
i of faces 


lying between the base (001) and the unit prism m(1 ‘This sone would 
inclde the forms, (119), (117), (115), (114), (113), (112), (111). Tm the 
Symbol of all of thie forms of this zone h = &, nd the lengths of the vertical 
faxes ate hence, in the example given, 4, 4, 4, 4, 4, $ of the vertical axis © of 
the unit, pyramid. 

“The macropyeimids and brochypyramids are related to each other and to 
tie uni pyramids, were the macroprisins and Irachypriuns to thencelves 
fnd to the unit prism. Further, each vertical zone of macropyramics (or 
bmchypyramnids), having a common ratio for the horizontal axes (or of A k 
Inthe symbol), belongs to 8 particular macropeian (or brschypriat) chat 
factorised by the sume ratio, ‘Thus the macropyramids (214), (213), (212), 
(421), ete, all belong in & common vertical sone between the base (00L ‘and 
the prism’ (210). ‘Similarly the brachypyramids (123), (122), (121), (241), 
tte, tall ina common vertical sone between (O01) and (120), 

486. Mustrations. — The following figures of barite (322-329) give ex 
cellent illustrations of erystats of a typical orthorhombio species, and show 
iso how the habit of one and the same species may vary. ‘The wxial ratio 
for this species ix a:bie = 08157171314. Hore dis the macrodome 
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102) sno, the brachy donne (O11); ag always, the prism (110). Figs. 
ibed us tabular || (001); Fig. Fee la pionatio a 

abit te the direction of ie macro-axis (}), and Figs. $28, 329 prismatic in 

that of the bruehy-nxis (a), 


SSD CP eS 


i ee 


Barite Crystale 
i zi ‘i 
\ LPS, 
L| GY 
anew 
Se 
‘Sulphur Crystals 


Sa KP 


im} m2 


Pell ee Ve 


‘Staurslite Figs 334-336, Topas: 


332 of native aulphur show 4 series of eryatals of pyramidal 
tat Suh ike Garon (O11), n04 the pyramids p11), 4113). Noten trun: 
‘entes the terminal edges of the fundamental pyramid p. In general it should 


projection af the erystal shown i 
se eogeaphtc and gaomonte project 


ie projections are given im 
(earl of the apes tna, 


‘and gnomonie 
387-839 for a 
Fig. 837 is the 
and 339 give the 
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a 
‘Goowonie Projection Topas Crystal 


2. HEMIMORPHIC CLASS (26), CALAMINE TYPE 
(Ortiorhombic Pyramidal or Didigonal Potar Class) 
187. Class Symmetry and ” Forma. Vert hx9) 2 vert at Pi— 
‘The forma of the orthorhe 


ncterized by two 
‘unlike planes of symmetry and eet ie the line in which 
they intersect; there fa ho center of aynimetry.” "Tho fosms are therefore 
teense, ‘at defined in Art. 28. For example, if, as is usually the case, 
the vertical axis is made the axis of aymmetry, the two planes of symmetry 
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fare parallel to the pinaooids a(100) and’ (010), ‘The prisms are then geo- 
metrically like Uhoae of the normal class, as are also the macropinacoid. and 
brachypincoid;, ‘but the two besal planes (or or pelions) become independent 
fons a) au i td ah ‘are also two macrodomes, (101) and 200), 
or in (i); sod simlaly two sta, for s given evmbol, of 


Symmetry of Hemimarphic Clase Calamine 
‘The general Gf the clas is sbown in the stereographie jec- 
tion, Fig. 340. Further, Pies of calamine, and to 


struvite, represent 
typical eeystate of thi clase ia fig. Stl the fru pectent are (51) 081), 
e(121); in Fig. 342 they are #(101), F501), qO1t). 


3. SPHENOIDAL CLASS (27). EPSOMITE TYPE 

leoprares Dinphenoidal or Digonal Holoazial Clase) 
‘and Typical Forms. 3 x1. Ax-2.— The forms of the 
‘orthorhombic-xphenoidal class, are char- 


fixed Section in all arthorhombie hat ty one of them may be made 
the Taxis, cj and of the to horeantal nxes, which ix the longer (b) sud which the 
fborter (a) cannot be unt it & decided whieh foees to samume ax the funda 


ora 
"Ths choice Ro me, ins ger cau, as to est bring out the relation ofthe 
cry of the apis in hana to olers allied to them inform otf ebeneal composting, 
Sr’ beak repel o, a fo make the clesvagy forall to the fundamental frm OF ab 
Shaped fe ing of thr cea oy othr copa, 

Biem ‘asta dar vey th aio of to 


Hb 26 = P8190 21 = E139, 
“The ungilar demente ate unually taken a the angles betmem the three pinacokin and 
the tnitfater in the three sone be ween Uber. ‘Thus, gaia for barite, these elamenta ate 
400 A 110 = 39" 11°13", GOL A 101 = 5871096", OOL A O11 = 82°43" 
‘Tro of these angles obviously deternjot the third angle aa well as tho axial ratio, The 


degree of acenrtcy 0 be sticmpted in the aatement of the axial ratio depends Spon the 
Sore ot PE onental peanuts ata which Thi rao has been Uiusl:”There 


tan (100 A, 110) = a, tan (001A O11) =e, tan (001 A 20%) = $- 


Sect res Un a le oe a 
eae pakke rott tet | 
: ca te eae 
fener fea ve 
come ben 


i 
4 
fF 


the three 100 and Of, O10 and MM, O01 and Ak, Por 
SOIR kU the ey nd 0 HO, 
sce inf ies i a pa 
tan (001 A 302) = § x tan (001 A 101), 
ES NC Ci oer tee or 
See ee ea amuse aca se 
the Jofion of Wx Torry DLtt), (43), mS3), (103), 
Siamese a ee i GY SSS ck 
om’ (363 A 353) = 55" 10", 
go’? (363 A 383) = 90° 30° 0!", 
‘Hine, the angles 353 /\ 010 = 40° 10)* and 353 A 053 = 27° 30)! are known with 
tnt 3 ON ae 3,95 rs te 
Tato ea pace COO A Cais alee tho ange 8 O10, whach tw equal fHt'A Aah, 


"The student in this as in eviry similar caso should draw s projection, of, Fie. 36 
eeemarly necuralely eotateucted), to abow, 
(et areal necuately ousted) sly apposite te laure poe 
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But tan (OL A O11) = X tan (001 A OSS), and tan (001A 011) =<. Also, ince 
tan (001 A 101) = £, the axial mito is thu known, and two of the angular cements. 


The 5 
for the angle st GOL in the trianaie 001 D55-355 ia exalt (010 390) aod 
ea is Se Tey ae 8 of (100A 110) 

‘since tan 


the 
coil Inca to be x 
‘es (O10 Al) = 20°15", aw! (Abd A Bi) = 51°22". * 
gy Tes potion of the tang Yor Ot gir abe angie (010 O82) = 387257 
e tan (091 A OR) _ tan 73° 344" k 
ta (OLA OL) ~ tan assay ~ °S4+—T- Saihnive 


a Bat the ratio of mnt be rational andthe mune deren agree: mont clay with 


Asi, the A te calculated from the mame triangle 
nn SB GOT a ic of hot erred nose pits! 


tan (O01 A Mi) _ tan 58” 358i" a 
te Got A To} ~ aaa op ~*~ T- 
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Towa ee ng Oh 
ts'obtained, 


the 

‘whic also te angle (010 \ hid). From thi thn ratio 
tan (010.0 110) tan 45° 321" ggg 
‘(010 A HAO) ~ tan 20°84" x 


‘The valet Es hence closely equ to 2; thin combined with tha st obiained (} — 2 
the 5108, 
fone, Peano tan be aed by eefarte te mennured sage 
= So Staion! nowt 
Bit fie eleatal troy the spel," For et “the gives 
aglos for 8-109) are B0(010 A510) = 40°10" wa! (10S) = Lege. The 
Sm ane doce efter aie The gives 
pire 
Perl be undemtood further that the spnal relations, 0 pp. i, play as 


lengoriat part in al colesnuons. "For rn Atte sy of¢'were 
fspertat Sith Bobaloel oe a ugle ange fas einen forthe ae k = 


98, Yoomles.— Although i i ot fies necemry ta emplay Pr 
afcey sida hve or ma complete Sere had cis te ovaas ere the lengths 
RIES between the pole of any face Pihkl) and the pinscoida a, b, ¢, we 


co Pe = co (NEA, 100) m par ps 


rats 
HE 
ag 
a 2 & 

uM 
ce 
<< 
i oc 
13) 
ee 
yt 


fugaagsagi 
ny ae 
; Heed 
1] gi 228455 sees 
aii eas HOH 
it Bat Geey 
HE tein 
it apa 
ae fe hare 4 Hl 
1 Feet ueeweapareanenaemetnettade 
ce aint i ee eadeen ia 
ji ay ities aay ele 
iS rite aie af rH pac Reueeae 
i i mals! Ra tea 
© dele He eet: 


agssag PEUNULSTEANECHIGEAGO! 
(ee ea 
dagG. 6biesleg Hs # 
Hig Gbdeiage Hie 
Hee at Sie atl 
if sqetiad ste HEAL 
iy i 
j ti ie 
5 Hi i 
th ile 
: a 
ait all 


Peose 


ae 


MONOCLINIC SYSTEM 


yea 
dane Jee 
af ay FE E 


BicrrerH 
Bees essece 
E Hue 
ie Hi rn 


Y, MONOCLINIC SYSTEM 
(Oblique or Monosymmetric System) 


ic Axes. —The monoclinic system includes all the 
referred to three unequal axes, having one of their axial 


198. 
inclinations oblique. 


forms whi 


the inclined or clino-axis is a; the 
ly orientated the inclined axis, 


"The acute angle between the axes a 
J; the angles between a.and and 6 and ¢ 


When 


spk 


the b axis is horizontal and parallel to the 
02 


ted as follows: 


ortho-axis is 6, the vertical axis is ¢ 
ited by the lotter 
angles. See Fig. 351. 
m1 


down toward the observer, 


‘The axes are 
and ¢ is represent 
Sesient 
0 
server and the axis vertial, 


3 
! 
i 
i 


C.—In the normal class of the 
fund one axis of binary 


GYPSUM TYPE, 


NORMAL CLASS (28). 
(Prismatic, Holohedtral, or Digonal Equatorial Class) 


1. 
|. Symmetry. bx. Ax-2; a-cixl. P.; 


monoelinie system there is one plane of symm 
Tminetsy normal to it. “The plane of aymmeury I alway the plane of the 
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‘axes «@ and ¢, and the axis of coincides with the axis 6, normal to 
this plane. ‘The position of oue axis {B) and that. of the plane of the other 
two aes (a and) ia thus fixed by the symmetzy; Dut the Inter uxtn may 
eccupy different positions in this shows the typical steroo- 
pie projection, projected on the plane of symmetry, Figt 367, 368 are 
fheprojections of an setual crystal of epidote; here, a3 is usual, the plane of 
projection is normal to the prismatic tone. 
300, Forms, —Tho varius forms’ belonging to this cass, with thet 
aymbols, are given in wing table, As more particularly explained 
iier, an orthodonne includes two faces only, and a pyramid for Gly. 


1, Orthoninacil or o-inneo. 
inopinacoid or b-pinacoid. , 
Base or e-pinacoid 


|. Prisms. 


plane. 

‘The orthopinacoid, (100), inelusles the two faces to the plane of 
the ortho-axis b and the vertical axis ¢. ‘They have the indices 100 and 100, 
‘This form is d ited by the letter a, since it is situated nt the extremity of 
the.c axis; it is henee conveniently called the a-face or a-pinacoid, 

Tho clinopinacoid, (010), includes the two faces paraliol to the plane of 
symetzy, that is the plane of the ellno-axis a atid the axis They. have 
the indises O10 and O10, ‘The 


clinopinacoid is designated by the letter 
2 and is ealled the bfoce or bpinacord af 
The base oF basal’ pinacoid, (O01), ineludes the two terminal faces, above 
and below, 1 to the plane of the axes a,b; they huve the indices 001 
and OT, ‘The base is designated by the letter ¢, and is often ealled the 
e-face or -prinaroid. Vt is obviously inclined to the orthopinaceid, and the 
normal angle betwoen the two faces (100A 001) is the acute axial angle 3. 
‘The diametral prism, formed by these three pinucoids, taken together, 
Fig. 353, is the analogue of the cubs in the isometrie system. It is bounded 
by three sets of unlike faces; it has four similar vertical edges; also four 
siinilar edges parallel to tho axis a, but the remaining edges, parallel to tho 
axis b aro of two sets. OF ite eight solid ungles there ure two sets of four 
each; the two above in front are similar to those below behind, and the two 
we Eemn The pms are al of 
‘sans, — The are all of one type, the oblique rhombie 
iain,” ‘They. nay: Ws, divided fata threo classes, te follows: the seit Drie, 
110), designated by the letter m, shown in Fig. 36; the orthopriams, (REO), 
where A>, lying between a(100) snd m(140), and the elinoprasms, (HE) 
where A < k, lying between m(110) and A(010). ‘The arthopristns and elite 
prisms correspond respectively to the macroprisms and brachyprisna al the 


7 Ow the general use of the terti= pinacol, prime, douves, pyeannils, ext pp 47, 1A 
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‘orthorhombie system, and the explanation on p, 140 will hence make their reln= 
tion clear, “Common oases of these prisms are shown in the figures given Inter, 
203. Orthodomes, —The four faces parallel to the ortho-axis b, and 
meeting (he other two axes, fall into two sets of two each, having the general 
symbols (A0!) and AOD. These forms are called orthodomes; they are strictly 
hemiorthodomes. For example, the unit orthodame (101) has the faces 10% 
sand. T0T; they would replace the two obtuse edges betireen a(100) and (001) 
in Fig. 353, “The other unit orthodomo (101) has the faces 101 and 107, and 
they would replace the acute edges between a(100) and (001). ‘These two 
independent forms are shown together, with 8(010), in Fig. 355, 


Orthodomen 
sand Clinopitieoid 


Similarly the Shoes 20, 30T belong id form (201), and 201, 207 to the 
independent but ary form (201) 

204, Clinodomes.—The clinadonws are the forme whose faces. are 
parallel to the inclined axis, a, while intersocting the other two axes. ‘Their 
general symbol is hence (Oki) and they lie between the base (001) and the 
Elinopinseold (010), Exel forin has four faces, ts for the unit elinodome 
these have the symbols, 011, OF, O11, OL, ‘The form n(021) in Fig. 362 is 
# elinadome. 

= The praia nthe tyonolinig eyntem are all her 
weer faces only in exch form, corresponding to the 
general symbol bat (AED, This obviously follows from: the wrmumetty; {tts 
shown, for e-ample, in the fnct already stated that the solid angles of the 
dlanetral pram (Fig, 358, above), which ro replaced by theas pyramids, 
{ail Into two sete of four Gach.” ‘Thus an bol at (Gai), inches 
the two independent forms (321) and (80) wi vin 


seul 3, Ri, Wi, and 421, pie sai, 38T. 


The pyramids may also be divided into three classes ny unit pyramiide, 
Aids erRopyramide, (hk), when h> k: oF einopyramida, (hk), when <i. 

hese correspond respectively to the three pristns already’ named, They are 
fnalogour alo to Aue unit pyramids, macropyranigs, and brash pyramit of 
the orthorhombio system, and the explanation given on p, 141 should serve 
to make thelr relations clear. But it must be remeinbered that each gennral 
symbol embraces two forms, (Whi) and (/ik2) with four faces each, as above 


inedl. 
O06 ttustratons. — — Figs. 356-359 of pyroxene (a:b re = 1002: 
0580" 9 = TAF = altO0) A E01) chow typlel mavoclnis forms. Fig 356 
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the diametral prism. Of the othe ‘is the unit. 110); 
SiO) ean ontiodones “ath, “ea athe Pern fo fea 


Th, BA Here 3(180) (1B) Ie nN pagers 


‘a pyramid, 
len with the vertical 


(to) and 01) =a: (Oa) ie mllaodorne. oT 
it fre orthodomes; n clinodome; of 
ihe a Beet Steno ma neon oh 


18 @ 


Rpiiowe Gypmumn, 
edge of the orism m, the combination often simulates an orthorhombie 


crystal. 
369 shows » monodini errata Priamatie in the direction of 
se oe the forms are (100), ef Ton ia wea) and (1) i 3 


of gpa i fattened | 6(010); fv shoy ‘unit pyramid (111) wih the 
| i shows the 


2 HEMIMORPHIC CLASS (29). TARTARIC ACID TYPE 
(Sphenoidal or Digonal Polar Class) 
208. b xi. ers toe momoclinic-hemimorphic class 
‘yuuictry. “1 a Masato hy the stereographic projection 
ig. 
Sear aa rt gael Fig. 370 shows 4 common form 
sm 


“Epsahenmnnen Tactatio Acid 


of tartarie acid; sugar erystale also belong here. ‘The hemimorphie charac: 
fae Seas anoea ie the tere ues 


serereoding ots this the artificial salts belanging huge often exhib ronal 


3. CLINOHEDRAL CLASS (30). CLINOHEDRITE TYPE 
(Domatic, Hemihedral, or Planar Class) 
209. a-c al. P.—The monoclinic-ctinohedral class is characteris 
ingle plane of symmetry, tot 


Parallel to the 6 axis, viz., (001), (100), and the orthodames, 
i ‘Tho other forme have each two faery, 


face 
with the 
a seth seston <egare 
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seen in these figures, the erystals of the group have 
respect to thair development In the diction af 


i aspect with 
verti although 
they eannot properly be ealled hemimorphie sinee this is not an axis of sym 
Ieey, Th orm ahve Fes 73. 473 are a flows: pinacai, WL); 
prisms, (110), m,(L10), (320), »(120}, (130); orthodomes, (101), ex(101); 
Pyranle J 111), plTtT), g(t), r(B31), #51), (771), w(631), o(131), 
(131), (21), 


amt 


Symunetry of Clinobedral Clase 


Marmaurcat Rauariovs oF nix Moxoctuste Sratrt 
210, Choice of Ares. —1t Is (Art 390) She the and potas of the 
ot ‘mtaiaher the rection of the plana te 
Besar sof Sc hich che trary ted ae Be aa ae ea 


O64 = 68 of 

its are usually taken as the angle (100 A 001) which ts ul to the angle: 

0 Hoty x0, tat Sayectvce a yee 

al aig, re he Cae df 
OL A 100 = 63°61", 00 A 110 = an 9" 
COLA dor =r toh, Oo A OH = Seat 


212. Tho mstheniatioal relations connecting axial and clementa nee gives tn 
the fue in whieh ob, aad'¢ rape the Hit length othe fespocive 
cxyetalingrape nace 


10) 


cor tan (100A 110) = 


in Bi; ) 
= tan (001 A 011) 


gx humats tau (OL A O11) = €-aln 95 Cy 
aE yw wn 1A) = ttt 
a+ tax (001-4 Toh) a 


o- 


oF tun (OL A Tory = £88 


8 + com tan (001 A Ton) 
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“Thee relations may he made re general by’ wring in the averal eames — 
fw (1) Mofo 110 and Kefora; — fa (2) OH for OIL and F=for es 
fw) Wi for 101 ant efor s. 


sin. (001A 101) __ ain (001A Ton) 


8 ~ sin (100 A101) ~ sia (100 A To1)" 
sin (001 /\ ROD 
sain (100 A iy)” 

and tant =e, 


‘bets 
re aE ema ee, 
i arnt or eee 
sssial elements, Ge, the angle @ and the values of a and ¢ in terma of b(= 1), from three 
Canoe eas 


elaticas the article sorioct the angular tid aa element 
oem eteia eters 

‘call gral ceo on fhe ere a rypetion dn (os 

ae] ection, Fig. 347) from O10 cut the sone cirele 100, 001 nt right 

Frou i0o cot the sone cites O10, O01, OF0 obliquely, ‘at alsa those fem 


tan. (100 A MO) _ Gta (10 A AEG} _ 
fan (100 A110) ~ tam (OW A110) ~ ke 


Ais fr the elinodones the tangnata of the angen of 012,011, 02 from OOL 
tio of} 173, esha eat li for She ange of fhe ang of pane 
the zone mentinaed, a# 121, 111, 212, ete, 
Fer fon ote tin hi atonal a fre 100 epdan, o toa 
tare Reneral coun formida Aven AM. 84 tat be et ‘Ths roles 
fon 1 simplified for certain commgn casen css) 


ty wr, vit the angio betwen ODI wnt hon io faces te gn see 
Stbich ft 1 ithe sone Gi 101, md 2) sate rama rn O40, 10 oe te 
Tete att yer nw een a es se 

oh 


TtOrA1L= PO and HLA 100 = PR, 
oe SOL AI = Oo Ann = pat 
oe OA at = * OLA SIO PR ete 


“Then fr then, of any snlar cam, the angle (PS) mee ODL and ty face the given 
Zone ins Sy 22, or al, ec ger Ha, AN) en by the wut 


+The general formulas rom whichis powrble to ealulate diet te angles between 
i ‘rie ale bores en whatever re 5) 
Sots nde isa Denes wees ay we oT ae 
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oc the orem sn fro Ct 3, to TI0, to 310, ete, the expremion hs the 


PQ = 001A ToL, FR=o01 A Ton, PS ~ oor A 


or OAT ete, OOLA TIO, ete, OL A il, ete, 
1, however, 100 i the starting-point, and 
100A 101 = PQ, 100A 001 = PH, 
oF IAT = AY) 100A OI = PR ete, 


then the relation becomes 


ofS faces located on the sereographic projection, Fig. 374. “The inclination of thn axie 
te tect Tiyan of the strcogsapiie protenctor, at 
x eee Ae wey et a e005, tara pets te 00) 
fem dows po nual cca oa the crystal carr a O41 he tam ae 
se ae, he cea oe Pet ei rent Goa of soso 80) 
Pui se foe diss cinemas) ct im pore 
1 he tee 


allo of the a and b sven can be reuily determined from, the 
ion of (ss pole; m(110). - Draw the radial line O-P (rom the centar of the projection 
rm L10). | Fron | of the bax dea & ine 
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‘iat axis. Titi also found to be at the unit dent and therefor the indices of 6 must be 


207. To determine, the axial elements of a monoclinic crystal, having gives 
se enema pajecin of fern" cncrcdon Emenee et 
lashown in Pig. 7H.” Thapoles of the unit forms (101), (011}- (G01) nnd (il) are oenesd 
thaeasefor ni te sonal linen drawn. ‘The angle Hescornenetary toe 
feo the ie fai proto OL, Ts ane emma dey men 
smomonie tanyet scale hen conatrutt the tangles 3 a 
‘nd anil yar meaaured, Thx ean toon cally be done by tomo of the dietlod eke 


Determination of Axial Elements of Pyroxine from Goamanlé Projection, 


sd he fact that an angle atthe vreuference of ego i maar y ce Dull i stb 
fed we" flowing rations wil Wn yok he Asal ma 

bane, Sting 

eT ane! 6 aine” 


ven the position of its upon the gnomonic 
ir Uetréat tho rchafertae a ms 


ve directly the fiat two austere of the indice. ‘The ghonvonie, ojeea of the 
cn erysal already given (Pig 88) il worn to htt tis probleme “ 
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syst in charae- 
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point of intersection 
‘Treline 
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C.— The normal class of the triclinic 


terized by n center of aymmetry, the 
Each form of the class includes t 


ynunetrical wit 


(Hotohedral, Pinacoidal, or Central Class) 
plane and no axis of 
the accompanying stereographic projection ( 
™ 
i 
< 
i 
aa 
a 


1. NORMAL CLASS (81). AXINITE TYPE 
° 
SS 


Symmetry of Normal Clase 
221. Forms. — 
‘one another and 


220. 
‘This ig trac ns well of the form with 
special forms, as, for example, the 


‘but there is no 
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Hence, as shown in, the following table, the four unit prismatic faces in- 
elude two forms, namely, 110, 110, and 110, 110. The same is true of the 
domes, Further, any eight corresponding praia faces: belong to four 
distinet forms, namely, 111, TT; T11, 111; 111, 111; 111, 117, and similarly 


in general, 
The various types of forms are given in the following table: 

Iniieds 
Macropinncold or a-pinucoid. .. . Se cesssptternllO0)] 
Brachypinucold or bpinacoid : ceseee (010) 
Base or c-pinooid..........000002 Sedtncar oan) 
Prisms, saaauee a \ MS} 
eet eee ra 
Brachydomes. .... Seteaies {ap 

(AL) 
Pyramid, (gt 


Inthe above table (ta sgaumied that tho asl ato emi that a < & Hf the oppox 
ste Rat teeta nto brady sn che woul baer, 


222. The explanations given uuder the two precaling systema mike it 
unnecessary to discuss in detail the various forms individunily, exeept ss 
istrated in tho ease of erste belonging to certain typical trielinc species. 

Tt may be meationed, however, that Fig. 870 shown the diametral priem, 
which’ bounded by three sols of unlike face, the pintcoids a, b, and c. 
This is the analogue of the cube of the isometric aystom, but here the like 
fae damn oll angen include only’ given fee, edge, and angle, and 

1 opposite to Ite 

228." Mlustrations. — A typicn) trllinic crystal iv shown in Fig. 380 of 
faxinite, Hore (100) is the mneropinncolds (110) and M(ITO) the two 


Axio hodonite 


unit pristns; (201) a macrortome, and 2(111) and (171) two unit pyramids, 
‘Th fatal io a alow bs 


ebse= 040212048, a= 825, 6 = 91762, y= 181 32 


Le’ 


prisms m(110), M(1T0); pyramids 


fre: Pinacoids a(100), b(010), <(001); 


‘o(221), k(221), n(Z21), (TH). 
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Further illustrations are given by Fig. 888 of albite and Fig. 384 of anor- 
thite. The symbols of the faces, besides the pinacoids and the unit ps 
ture ws follows: Fig. 383, =(101); Fig, 384, prisms (130), 2(180); domes 


Gnomonic Projection of an Axinite Crystal 


« 1), (021), (61), n(021); pyramids m(LLt), a(tTt), o(TTL), 

1 oer sore ho mally a tery to oe of orto 

tase is evident on alight examination (cf. Figs, 60, 361), and enreful stady 

with tho massurement of angles shows that the eorespontience is very close 
388 


‘Hence in this case the choice of the fundament 
planes it readily made. 

Fig, 885 represents a of uxinite; Figs, 
386 and 387 ita stercographie and gotonie pro- 
jections. 


2. ASYMMETRIC CLASS (32). CALCIUM 
‘THIOSULPHATE TYPE 
(Htemihedral or Pedial Class) 
22%. No Symmetry. — Besides the normal 
dies of the widlinks apsinn Sher in another pos : 
fe elaas, possessing aymmetry neither with re , 
spect. to « plane, ea aie oathey ar TL A given en Te 
{orm bas one face only. This class finds examples among a number of arti- 
ficial salts. Ono of tliase is ealcium thiosulphate (CaSO,5E0); 48 yet no 
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ie anes of tho trelinie mineral shodonite. The 
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‘three triangles the 
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same way the identity of the angles 7,0, 1, 6, # 0d + in Figs $80 and 301 can be 


With the number of these angles gives the formas require for th eae 
angles v's 2", ul, and o” are the corre 


alee SORE ee 


"Tihas for the face 321 the formulas becomun 


a-isr=4, 5-19 Hy =18r—C, 


share dB Car the ane in the posed pera! efnge YO0DI00O1 at thew 
Doles respectively, That 


ma tm = 9" — 0) 
ree ierer ete 
Carte =n te = (it 9. 


1 4 ete a tele 


or esleaaton, the angles Yetwoes 
Wau Aol and Toto Kobi ie are he sie te agi he 
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229, The following equations areas often useful. 
ain pin »' _ 2ein v dine” 
tana = ae 4 

= 9) ante 


Also, 
ateten tte trmytrte = 10, 
‘The calculation, from the angular elements bd 
‘iglon the (1 of tena ttn ny 
{ate howe ayibol pve or (ef tbe yee 
{ot a at unkows face foe whic zene 
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dlfference lien in the fact that the Tinos of reference upon which ace plotted the inleroepte 
‘of tho lines drawn to theen from the poles of the faces make oblique angles with each other. 
‘Tame eeeree lings are tain as Uh sonal lvoe OO1)-00H) sil (001)-O11) ad the 
Intereepta from whieh the indices are determined are mesaure! roo the pole af (00). 
atuly of the gnomonke projection of axinito, Fig. 387, will illustrate this 
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234. Contact-Goniometers.— The Interfacial angles of erysinls ars 
measured by means of instruments which aro ealled goniomeders. 

“The simplest form is the contact- or hand-goniometer one form of which is 
represented in Fig. 397, 


Ponfield Contact Goniometer, Model B 


contactganiometer consiats of m can on which is printed x semni- 
siccuke re pean ts lt tk Gs conta of wd fantened 
sido aro which tay be trad 1 ny dred pation. Te rata 
Use of the goniometer i illustrated in torn of 

tas tischeted of the OOIAIOM arw are Leougia gnovarsea sontaet te 
possible with the two erystal faces, the angle between which fs desired. Cate 
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must be taken to see that the plane of the goniometer is at right angles to the 
Liege mgelitort ggreninisiats pretend 
goniometer, Pig. 398, has two arms swiveled together and separate from tho 
gradunted arc. The crystal nngle is obtained by means of the arms und then 
the angle between them measured by them upon the graduated are. 
‘This lutter type is employed in cases crystal lle iu uch a pealtion 
as to prevent, the use of the former.* 

‘The contnet-goniomieter is useful in the exse of large crystals and those 
whove faoes are not well polished; the measurements with It, however, ane 


Penfield Contact: Gontometer, Model A 


seldom ncourate within a quarter of a degree. In tho finest specimens of 

cerystuly, where the faces are amooth and lustrous, results far more acourate: 

may be obtained by means of a different instrument, called the reflecting 
romoler, 

we Other mare elaborate forma of cantnet goniomoters have heen described 

but it is dowbtful if they ean be used with any greater degree of accuracy 

thun the simple ones deseribed above. 

235, lecting Goniometer. — This type of instrument was devised by 
Wollaston in 1809, [t has undergone extensive modifications and improve- 
ments since that time. Only the perfected forms that are in common use 
today will Be Seasbte ee 16 AR ies FANE e 

principle underlying the constructi reflecting goniometer 
will be understood by reference to the figure (Fig. 309), which represents a 
* These simph types of cont Mnwters wore devised by 8. 1. Penfield and can be 

ung the Mi gheal Hiield Sel ‘School 
TS Bee ey ie a Rt i 


MEASUREMENT OF THE ANGLES OF CRYSTALS 173 


section of a erystal, whose he bake thu Sac 3b bee regia, 
eye at 
image of my 


Let the eyo be placed at p and the point m oe a source of light. 
looking tse foe of che eryntah he wil observe a rected 
in the direction of pn. ‘The erystal may now =, 
be-so changed in its position that the sume 
Image is seen reflected by the next face and in 
the same direction, pn, To effect this, the 
crystal must be turned around until abd haa 
the present direction of be, The angle dhe 
measures, therefore, the number of degrees 
‘through which the crystal must be turned; it 
may be measured by attaching the cxyutal to 
ws roduated circle, which turns with the crys 

I ‘This angle is the supplement of the in- 
terior angle between the two faces, or in other 
‘words is the normal angle, or angle between 
the two poles (ace Art. 4, p61). The relating woniometer hence gives 
dirootly the angle needed on the aystem of Miller here followed, 

Horizontal Goniometer.—A form of reflecting goniometer well 

adapted for accurate measurements (a shown in Fig, 400, ‘Tho particular 
form of instrument here figured* is made by Fuess, 


‘One-circle Refletion Ganiometer 


‘The instrument stands on a tripod with leveling screws. The central 
xis, o, hn within it p hollow axis, 6, with which the piote, d, turns, carrying 


"The figure here used ix fram the eatilogue uf Puesa, 
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th rerniers and slo the obnerving telescope, the upright support of which ie 
shown ab B. Within bla x escond hallow ats ‘carries tite graduated 


third axis, 4, turned by the serew-head, :, and within A is the central rod, which 
curries the support for the orystal, with the adjusting and centering eontriy= 
hoes meationed below. Tia rod 


apparatua consists of two slides nt right angles to each other (ono of these is 
tthown in the figure) and tho sere, whe work L; the end of the other 
corresponding serew is seon at a’. ‘The adjusting 

two cylindrical sections, one of thom, r, shown in the figure, the other nt r”; 
the cylinders have & common center. ‘The circle on f is graduated to degrees 


monly used opaning is one made by placing two circular disks nearly in eon 
tact with enh ether leaving between them an haped figure. The 
{olescope tube 1. ix provided with several removable Lolescopes with lenses 
which have different angular breadths and magnifying powers and hence are 
Julable for observing fain varying in ize nnd Gogree of post. At tho front 
Of tho tube L there is a lens which is 80 pivoted that it may be thrown into or 
‘out of the axis of the telescope, When thie lens lien in the axis of the tube it 
converts tho tlscope into x low-power microscope with which th erystal 
may be observed. Without this lone the telescope has a long-distance foous 
tod only tho ben of light reflogted from the crystal face bo seen, 

{in wioibed of uae 9 the oicaiseis le tol sa fllow, The little plate w la removed 


‘eryatal to be measured. ‘The faces of 
ently aa pomible vertical to tha wut 


le 
E Boge Ls 
wl 


if 


Atal between thom To tanking thew reslngs care mst be taken that te plete oa which 
{iS pnt eto wera nc wi Sh etal pon ree do Ss ely 
Srw-beaig vat toed nlen awe, he to a have ben pe 
inayat 


ther by moans ot Tur the nesuratendjantment of the mguas ou Une 
fort coma So get re 3 invcang’s ert of tha eat eure 
important to nota nonurntely the fn fromm wich exch Sion derve na the character 
oc nde fer ell ta ke mah he ote he diferent aod 


‘oe Jeter 
237. Theodolite-Goniometer. —A form of goniometer* having many 
practical advantages and at t in wide use haw two independent circles 


and is commonly known aa the two-circle goniomeler, It is used in a manner 
analogous to that, of the ordinary theodolite. Instruments of this type were 
devised, independently by Fedorow, Ceapeki and Goldschmidt, Other 
models have been «losoribed since. In addition to the usual graduated hori= 
zontal eirclo of Fig. 400, and the accompanying telescope and oollimator, a 
second graduated cirelo is ndded which revolves in n plane nt right angles’ to 
the first, Fig. 401, after Goldschmidt, gives  crow-gectional view of one of 
the earlior machines devised by him. ‘Tt will servo to illusteate the essential 
foatures of the instrument, 

‘The erystal to be meamirod in attached at tho end of the axis (A) of the 


its angular coordinates, 
‘These codrdinates are the angles (¢ and £9 Gcideseaia) stirs, rmpe: 


inn, which are fixed, in-most cases, by the symmetry of the In prac 
tiee the stal ls usually so mounted that its tie zone. dicular 
ioe the oryst ly 80 mi ‘priamnt a parpen 


prism zone establishes the zero position for the vertical circle, For sample, 
‘on, 


3; Fedotow, Univer or ‘Theodalt-Contometen, Za. B74, 1803; Een 


1803; 
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‘the vertical circle) is equal to 010 A 110 and » (measured on the horizontal 
circle) is equal to 001 A 111, 

Goldschmidt has shown that this instrument, is directly applicable to the 
system of indices and methods of calculation und projection by him, 
‘whieh admit the deducing of the elements and symbols of given erysial with 
A: minimum of labor and caleulation.* Fedorow hus also shown that this in- 


strument, with the sddition of the applinnoes devised by him, can be most 
‘conveniently used in the crystallographic and optical study . 


“The following hinte aa to the methods of using this instrament may prove belpfl, 
7s leurs tea ue ear route ai oe her 
‘about 90°) nnd then clamped in position. “The nest sop i to fad te polar post 
es theo at wl» ral lap ing Hr en 

to the fal cielo will throw the meted beam of light cm to the erosehaien 
Site apes” Gol i ane er hen ions ot ena he Pot 
‘f the angle ‘he ae ofthe collixstor and Wlescope, the line 8-P, Pig. 402. The 
toethod by whieh Sis pias peation found ap olow: Soni eieting war nine 
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he sdf the font by gn 40), 402, ranking some sual ie forthe 
Fae tented Ayden Papa ected 
ie o on imo 

Pett Fig. 100°" Th borsonal geo ts pion is sot Then the vote 
* Nee Goliechmid's ‘Krystal Keltabellen (482 yp, Beli, 1807) 
‘pie ve he ani rr by i tye fra own pce, Re ae a: Re 
a TRU "The ata ml forme, isa monumental 
‘ok Kv all peviouny pnb erstal ‘with 9 dscuenon of the forte 
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{elim ave a de theoreti ge now te atime xn be et eer 
tion at once and the crystal hrooght into aijustment very quickls. Other problene wll 

eset bat te ities fo hice muggestad hove. 
{hay retietly happen that mor han one rst of sjataeatminy’ be wel th ive 
ora i nt fo acm ging the beat eect sald be teeta be 


efnpsdleed that the preluniuary adjustment af the {of supreme 
fll mesaurements of the coordinates of the different id upon Tt i Wise 10 
beck the wljustivent in all possible ways before making the mauirementa, 

‘Altes dw adjustments have been comp! ‘ryatal is turned about both the 
hhoritontal und vertiral plunge a) that each fuvo tpen It mucoessively reflects the signal int 
the telescope, “The Lorizantal nnd vertical readings ary made in each cast. The forms 
present eat thea be readily plotied in either the stereographic ar’ projections, 


pl 
sci eae ie ie ct rey ccd eae 
‘lle pefeton ron beg sud jsrwis Sheined (tam ifthe Ewes ponlometer 
rey HO) grip le ser pore whe toe heise cle sagie i ote ca ral 
thigh sein same poe whic echeietial esapa pel cs 
estan £00) ig oa pan of OL) Bebe se oda 


238. Goldschmidt's Tables of Angles (Winkeltabellen). — Goldschmidt’s 
methods of erystal measurement, etc,, are go widely used that it seems ad- 
visable to give an example of the tables of angles that he devised togother 
with » brief explanstion. ‘The material has been taken from his Krystallo~ 
Erophisohe Winkeltabellen, published jn 1897. Tt is asumed that a crystal 
of topaz, possessing the faces shown in the horizontal plin of Fig. 337, hias 
been measured on the two-eirele goniometer. The basal plane e(001) serves 
as the polar plane, asd the position of the first meridian is determined by the 
face HOMO), Below are given the angle, ee, for thew forms as iste tn & 


typical Goldschmidt table. 
‘Torax 
Orthorbarnbie 
a =0 5285, = 0.5510 y= 1.5010 
¢o.as0 = Lows = 019580 
Gat. | stiler a= 
tour] at) atte] « [fete |e fe | = [> fit 
© 0 0 oF mM) OF Wil OF oD OFM OrO Of oO | oO 
& | be | obo Jor * <M oo? | 2 |e 
= | = | to |e =  Silisomy S| 
T | 22 | mie 2) tes 355 Sool) = | + 
« | se | Mo Bs = | bs wet aia) = |= 
Z| “ot | om JO dois a0} 0 oss gol0 nas gol 0.9590 
{| m | on |e ‘ im So) tars! sors 
3 1 | tn Siler ol Oise s13t aay Brith 
* i} wy: Mee 043 Soa O19 ajo. as) 4700 07 
‘ nm | * Mp 027 350 os 140. O010)0.3179| 06805 


* Goldschmidt uses for the length of the vortical axis» value twice that of Dana, 
Consequently the tadions of the domes anc prasad difer from 
Coeitrnye finpelterrpe ener ytrip Ur alata lod lla 


COMPOUND OF TWIN CRYSTALS 179 


tical and horitontal lines of reference; in Fig. 405 the x and y of the fae 
(111) equal py and q of topaz, In the table itself the significance of the 
various angles and distances given is indicated in Figs. 404 and 405, where 
are shown, respectively, one quadrant of the stereographie and gnomonic pro- 
of the face o(111) af topaz. 


jections o 


Stern graphie Projection ‘Goomeaie Projection of 
‘ot otTtt) of Topas ‘OULIt) of Hopas 
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239, Crystal Intergrowths, — Cryntils commonly ocdur in groups, and the 
Inaviduale comporing any group may have various rations to ech oter 
the majority: of cases these relations are irregular pend upon 
accidental conditions of growth, ete, In other cases the relations of the 
individual erystals to each other are definite and conform to some law. If 
all faces, exiges, ete., of one individual are parallel to the similar clements of 
second individual, the two are said to exhibit parallel growth or grouping. 
For a further discussion of this metbod of intergrowth see Art. 267. When, 
however, two individual grow together with only part of hoi similar faces, 
edges, ete. in parallel positions they are said to form a twin crystal or group, 
‘The etudy of the types of twin erystals shown by different substances ant) the 
formulation of the lara governing thir formation i an important part of 

rm Y. 

240, Twin Crystals. —Twin erystals may bo defitusl ne the intergrowth 
‘of two or mare individuals in such a way ua to yield parallelism in the ease of 
certain parte of the dfferent individual, and at the same time other parts 
of the different individuals are in reverse positions in respect to each other. 
‘They often appear externally to consist of two or more erystals symmetric 
‘united, and sometimes haye the form of m eross or star, ‘They also exhibit 
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their twinned structisres in the reversed arrangement of part of the faces, 
in the tris of the surface, and in reentrant angles; in certain cases the 
compound structure can only be surely detected hy an examination in polar- 
ized ligt, The figures below (Figs, 406-408) are exumples of typical kinds 
of twin erystals, and many others are given on the pages following. 


‘Thensrdite Columbia Fluorite 


241. Laws of Twinning, — In the majority of eases-a twin crystal grows 
as such from the beginning. Exceptions to this rule are diseussed in Arts. 
243 and 244. ‘The two (or more) individuals comprising n twin erystal have 
different orientations of their atomic structures but the different positions of 
the network must have certain planes or directions in common; they 
must fit together in some simple way, and it must be possible to derive one 
orientation from another by some simple movement, Bearing in mind, 
therefore, that the formation of twin erystals is usually the result of a simul- 
tanoous and regular growth according fo two interlocking orientations of the: 
sume atomio network, we may outline certain geometrical means of 
the results of such » compound growth, 
‘ihe comupunent parts of twin eryal are geometrically related to each 
other, either a if one part was derived from ‘other by reflection over n 
‘common to both, or as if ove part was derived from the other by a revo- 
‘of 180° about some crystal line common to both, or as if these two 
Speeations: occurred simultaneously. The plane and axis involved in the 
‘supposed operations are known as the twinning-plane nnd tuinning-azia, 
Such t planes and -axes have in all ordinary cuses simple and rational 
relations to the crystal axe. In rare cases thelr relations (o the crystal axes 
may not be rational, but then they have simple relations to other axes or 
planes which do ich rational characters. No plane that is a aym- 
notry plane in the individual eryetal can hecoine a twinning-plano in fis 
compound erystal, Further, no axis of even symmetry (binary, tetragonal, 
‘of hexagonal) in the individual erystal can become # twinning-axis in the 
compound crystal. It is obvious if stich n plane or axis wero assumed. a5 
twinning-plane or -axis the resulting erystal would be identical with the 
tuntwinned individual. On the other hand, a symmetry plane or axis of 
clase of higher symmetry may become a twinning-plane or -axis of a erystal 
belonging in the same erystal system but to a class of lower aymmetry. 
Such & twin erystal may therefore asoumo a aymmotry higher than that be 
Tonging to its components, Twin ‘crystals of all crystal classes possessing 
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sx conter of will have both a plane of twinning and an axis of twin- 
hing normal to the plane. Wher a center of aymmetry is lacking a twinning 
plane or-axis may occur independently. ‘These fundamental laws of twinning 
aro illustrated in the following paragraphs. 

Figs. 409 and 410 represent, respectively, simple octahedron and its 
twinned form. ‘The twinning plane i shown in 409 by the plane, bb, 
indicated by the broken lines, this plane being parallel to a psir of octahedron 
faces. In Fig. 410 is shown the twinned erystal; the faces of the front por- 
tion, which are marked o, lie in positions as if they had been reffected over the 
twinning-plano, which, therefore, though not a symmetry plane in the simple 
trystal one forthe twin. ‘The anane tin can be considered as derived by & 
revolution on tho twinning-plane of 180° about an vetabedral normal. ‘This 
direction, which is one of trigonal symmetry in the simple erystal, would 


an 


Ansleite 


therefore be the twinning-axis, In this case, the erystal has a center of sym- 
metry and therefore hus both a twinning-plane snd -exis, normal to each 
‘other; the feytanine pie iu persed to # common erystal face (111), and the 
twinning-axis is a simple crystallographic direction. A twinning-plane is, 
‘with rare exceptions, ‘to possible erystal face on the given species, 
and usually one of the more frequent or fundamental forms, stions to 
this rule occur only in the trielinie and monoclinic «yatems, where the twinning 
Stfotantag soon brits ooreey Se neoeaeray s epuatinrepion Sah 
of twinning normal ta it ia obviously not a lane; 
{hiss conspicuously true tn the onto of the periclinefnw of twinning fn the 
plagioclase feldspar group; ses Art, 256, 

‘Crystals of quartz are’ enantiomorphous, é.¢., either right- or left-handed 
in their development, Such crystals pores neither planes nor a center af 
symmetry. It is impossible to derive one type of quartz crystal from the 
other by any revolution about  twinning-axis, and twin crystals which eorn- 
Dino both right- and left-handed individuals thereforo ean possess only a plans 
of twinning. ‘The Brazilian law of twinning in quarta represents the caso 
‘whore the twin position is derived by reflection over « twinning-plane, namely, 
the second lor prism (1120), but where no twinning-axis exists. Fig. 
412A shows a loft-handed quarts crystal; Fig, 412C, the corresponding right- 
handed crystal; and Fig, 4128, tho combination of the two into» twinned 
individual with the plane (1120), indicated by the broken lines, as the twin 
ning-plane, 

‘Fig. 434 represents a twin erystal of tetrahedrite, It is composed of two 
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interpenetrating tetrahedra with a normal to the tetrahedral face common 
to the two individuals as twinning-axis. In this ease, however, there is no 
plane normal to the twinning-axis {hat could serve as m twinuing-plane, 
fe, 08 6 plane over which one twin component can be derived from the other 
by the process of reflection. 


Fig. 413 represents a twin crystal of calamine. Calumine is orthorhombio, 
hemimorphic. The twinning-plane here is the horizontal plane, the basal 
pinacoid, (001), the uppor and lower halves of the twin being the reflections 

‘of exch other over this plane. ‘The vertical 
axis, normal fo the twinning-plane, eaninot be 
s twinning-axis since it is an axis of binary 
symmetry. If the development of the twin 
erystal is such that the prism and pinacoid 
aces of the two components coineitle, thus 
eliminating the reentrant angles, the will 
apparently possess normal orthorhombic sym- 
metry. Such a possibility is shown in Fig. 414, 
where the vertical faces form composite faces 
joined together slong the medial horizontal 
plane, indicated by the broken lines, Such 
twins, in which, owing to the twinning, all the 
fan are presint that belong to a form of 
not etry, are termed supplement 
twins, Supplemeatary wins are dso. ahowa 
in Figs. 435-435, of pyrite, tetrahedrite and 
ealytite, 

242. Composition-Plane.—‘The plane by which the reversed crystals 
axe united i the componton plane ‘This aod the twianioy plane very come 
monly coincide; this is true of the simple example of the twinned octahedron, 
described in Art. 241 sod illustrated in Fig. 410. Here the plane about which 
the revolution may be conceived to take place (normal to the twinning-axis) 
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and the plane by which the somi-individuals are united are identical. When 
not eoincitl'ng, the tseo planes are generally at right angles to each other — 
that is, the composition-plane is parillel to the axis of revolution. ‘The micas 
{urna san in whieh the compelin-plno of the twin eral isa ig 
angles to the twinning-plane. Fig. 415 represents a mica twin, the base (001) 
being the composition-plans, the twinning-plane being the theoretical face 
(110) (not observed on mica crystals) and the twinning-axis being a horizontal 
direction. Still sain, where the erystale are not regularly developed, sud 
where they interpenetrate, the contact surfuee muy be interrupted, or may be 
ly irregular. In such ceases 

the axis and plane of Srieniog bars, ae 
as always, 4 definite position, ‘the 

composition-plane loses its signifi- 


cance. 
‘Thus in quarte twins the inter (G__= | > 
eect paris haveoftennorecti: (Ea) 
boundary, but jn the Loe 
most Irregular manner mughout 


the mass, showing this composite 

irregularity by abrupt variations in 

the character af the surfaces. This Mica 
irregular internal structure, found in 

many quarts crystals, even the common kinds, is well brought out by means 
of polarized lights also by etching with hydrofiuorie acid. 

‘The composition-plane has sometimes a more definite signification than 
the twinning-plune, This is duo to the fact that in many eases, whereas tho 
former is fixed, the uwinning-axis (and twinning-pline) may be exchanged 
for another line (and plane) at right angles to exch, respectively, since « 
revolution about the second axis vill algo satisfy the conditions of rod 


(010), ‘But the axis of revolution may be either (1) parallel to this face 
io 


the composition-plane is here fixed — namely, parallel to the erystal face, 
tit; 8 (2) the twinniageeaia uy’ be taken aa esinctiing witb the Serie 
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{2,2 pamile face, andthe other door no, tnd henoe there no doubt x to which i the 


Ther fntereting cate ls that forised ty solumbite, ‘The comin twine of the 
tre alae to Fag, 07, pei und Baye oat) ow he (eras nner Pad eee 
eur ku Fig 400". hy where the twining plane i 90) 

nd G0, are near a ih ange to each ole, tt the eure ange ent ease 

sully exact to prove thatthe fo kinds cast be red oot and The aoe ha, 


‘MA Contact- and Penetration-Twins. — In contact-twins, when normally 
formed, the two hulves are simple connate, being united to each other by 
the composition-plane; they are illustrated by Pigs. 407, 410, ete. In actual 
eryatals the two parts are seldom symmetrical, os demuinded by theory, but 
fone may pre te to a greater or less extent over the other; in some 
eoeapee Gomme see geooes toeay Stal i th coven Doe 
may }. Very great irregularities are observed in nature in thi: 
Moreover, the reentrant angles are often obliterated by the sbnormal de 
velopments of one or other of the parta, and often only an indistinot line 
‘on some of the {aces marks the division between the two individuals. 

Penetration-ttoins are those in which two or more complete crystals inter 
Dnctente, salt were eran throngh exch other, ‘Normally, the crystals havo 
‘common center, which is the center of the axial system for both; practically, 
however, as in contact-twins, great irregularities occur, 


Examples of twine of this second kind are given in the annexed figures, 
Figs 408 and 417 of fuorite, Fig. 418 of tetrahedrte, and Pig. 410 of chabnaie, 

examples occur In the pages following, us, for instance, of the species 
staurolite 464-467), the crystals of which sometimes occur in nature 
‘with almost the perfect symmetry demanded by theory, It ia obvious that 
the distinction between eontael- and penetration-twina in not of great impor- 
tance, and the line cannot always be clearly drawn between thet. 


215. ic and Metagonetic Twins. — The dstneton of paragenetie and meta- 
senetie (wien hus eeymallgraphg Yer the forma are 
‘lien wo obviously diatinet that fel notice of the datinotien portant.” 

In ordinary twins, beginning vleal compound 
smlecale or was eumpoud is veey origin; nod whatever tnsqalition hoe mol hee 
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nda of the cryntal are thus bent Into one another, und occasionally produce nearly regular 


forma 
“his nage tinsng a omen rec ty the mse ayer depo 
Heads banget oma Kate Is tama manner cogent 


ad Tas been wonton tht of tao fa 
sted twinnis | that ot 
Boar; It ea case of poral repetition or parallel group 
ing Jn reversed position. of saccemve, lamelle 


crystal face surfs if clea seas tein fed 

‘or 2 ourfaco of cleavage, ele 
Sar hy oy os pyapntetc twin and not 

infrequently an both e(O04) and (010), ef. p. 103, Tt a also obverved with 
rmungnotite (Fig. 500), pyroxene, barite, 


le, 

‘Soother kind of repeated twinning i ilustrated 421-426, where 

{ha wioutmivelyrevacsedialiriiuus S00 parsios a esos one too ames 
as 
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between tho two axial ystems is an aliquot part of 360° (approximately) 
‘Thus six-rayed twinned crystals, consisting of three individuals (hence 
trillings), occur with chrysoberyl (Fig. 421), or cerussite (Fig. 422), or stauro- 
te Cg: 420), sine three timon tho ange of twinning in ench ena in not far 
from 960°. Again, fivefold twins or flings, veeur in the octaledrong of 
gold and spinel (Fig, 424), since 570° 32’ = 360” (approx,). Eight-fold 
twins, or eightlinge, of rutile (Figs. 425, 439) occur, since the angie of the axes 
in twinned position goes approximately eight times in 360°, 

Repeated twinning of the symmetrical type often serves to give the com- 
pound erystal an apparent symmetry of higher grade than that of the simple 
individual, aud the result is often spoken of as a kind of psoudo-<ymmetry 
(Art. 20),'cf. Fig. 457 of aragonite, which represents a basal section of & 
pieudo-hezagonal crystal. Fig. 426 of phillipsite (of. Figs. 478-480) is an inter 
sting came, since it shows how, multiple twin of « monodlinia crystal may 
simulate an isometric erystal (dodecahedron). 

‘Compound crystals in which twinning exists in accordance sith two laws 
nt once are-not of common occurrence; an excellent example is afforded by 
stuuirolite, Fig. 467. ‘They have also been observed with albite, orthoclase, 


OAT. Secondary ‘Twinning. — When thero believe that the 
j Jing. — When thero is reason to believe that 
twinning has been produced subsequently to the original formation of the 
crystal, or crystalline mass, as, for example, Ey peers, Hee ma 10 bs 
secondary. Thus the calcite grains of a crystalline me often show such 
secondary twinning lamelis. ‘The same are oceasionally observed (\\c, 001) 
in pyroxene crystals, Further, the polysynthetic twinning of the triclinic 
feldepare is often secondary in origin,” ‘This subject is further discussed on 
later page, where it is also explained that in certain cases twinning may be 
produced artificially in a erystal individual —e,g,, in calcite (sce Art. 287). 


EXAMPLES OF IMPORTANT METHODS OF TWINNING 


248. Isometric System. — With few exceptions the twins of the normal 
class of this aystem ure of one kind, the twinning-axis an octubedral axis, and 


Copper 
the twinning-pluno consequently parallel to an octahedral face; in most cases, 
also, the latter eoincides with the composition-plane, Fig. 410, p. 181, 


*1t will be noted uit berw nnd elsewhere the letters used to designate 0 
the twinned parts of crystals are distinguished by a sulicript line, ie 


‘in general iF iF 
Fig. 427 is similar more complex form; Fig. 428 shows a cube twinned by this 
method, and Fig, 429 represents the same form but shortened in the direction 


It 


totrahedrite fg to be noted. Fig. 436 is a twin of the ondinary spinel type of 
another tetrahedral species, sphalerite: with it, complex forma with repeated 
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the trtatap plan apni in alcosf nosed, OU! tesepocale 
haracere of the space of the rule eeu i i Tera 
tesa Fi 18 ig. 109 shows a Ly af rate, Os twang 
ig repeated twin of rutile, the 
carding ta this law; the vertical axes of the sucoessve sx individual lie 


‘plano (the horizontal plane of the figure), and am inchs ice i the rut, 
et pd twin of rutile is shown in Fig. 425; here the successive var- 
tical axes anata ne te om sea 
ogous twin of hausmannite, 
Another kind of twinning with 


to a fnce of the Gol) is shaves in 

al pa aid 
251,"In the pyramidal class of the sume, system 
YY \Peereererers ‘Here the 
the twinning-plune; such is erystal 

ry lt of the normal das 
Chaleopstite with a face of the unit sph ac te 
Bigg plane i common (Fig 443). Av tho ange die bu axa 

1 dageo from tooo of nua ociahedron wach twine afien evan sear 
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The face ¢(101) may also be s twinning-plane and other rirer 


spinel-twins. 
typos have been noted. ee ae 
‘System. — hezagonal division of ‘twins 
ples furiabed by pyre Fy, where he inn 
plane is the pyramid (1011), the vertioul axes of the in- “u“ 
dividual orystals being nearly at right angles to each 
other (sinos 0001 A 1011 = 45°8'), 
ee belonging 


arerare, An exany 


‘263. In the to the or 
rhombohedral di iis the 
elaming-asis may ‘a in the cane 
taint the aioe or the veinnlag:plaad pagers 
twin may 
bluse rhora 447, he vor pystone 


the twi 


indict 3 
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often very i ly united, as shown by dull areas (2) on tho plus rhom- 
fuse fase Oe Sinarvos these Gries ie ized by pyroclectrical 
phenomenn. In Fig- 455 the twinning-plane is a(1120) — the’ Brasil lau 
the individuals respectively right- and left-handed and the twin eymmetrical 


Fp, 453-155, Quarts 


with reference to an a-face; theso aro usually irregular metwins; in 
theso twins r and r,nlsozanidz, coincide. ‘These twins often show, in converge 
ing polarized light, the phenomenon of Airy's spirals. Tt may be added tht 
pecudo-twins of quarts are common — that is, groups of crystals, which 
nearly conform to some more or less complex twinning law, but-where the 
rouping is nevertheless only wevidental, 

254, Orthorhombic System. —In the orthorhombic system the com 
monest method of twinning is that where the twinning-plane is a face of a 


prism with the prism angle of 60", or nearly 
ba Me 00°, Thisix well shown with the species of 
BRT the aragonite group. In aecordanen with 


the principle stnted én Art. 248, the tivin- 
ning after this law is often repeated, and 
thus forms with  pseudo-hexagonal. ‘sym 
motry result. Fig. 456 showsa simple twin 
of aragonite; Fig: 457 shows a. basal: soc 
tion of an aragonite triplet which although 
it resembles hexagonal prism reveals its 
twinned character by the striations on the 
Za ‘basal plane and by irregularities on its com 
— Posite prism faces due to the fot that the 
prismatio angle iy not exactly 60°. With 
witherite (and bromlite), apparent hexagonal pyramids are common, but the 
true complex twinning is revealed in polarized light, az noted later. - Such 
(wing, which simulate the xymmotry of another and tnore symmetrical crys. 
tal system, are often called mimetic twins. 
winning of the sane type, but where « dome of 60 is twinning-plane, 
{s common with arsenopyrite (tw. pl. ¢(101)), us shown in Figs. 458, 440) leo 
Fig, 460 of columbito, but compare Fig. 407 und remarks in Art.248, Another 
cxample is given in Fig. 421 of aloxandrite (ehrysoberyi). Chrysolite, 
manganite, humite, are other species with which this kind of (winning is 
common, 
Another comin method of twinning is that whero the twinning is parullal 


2 {7 ' 
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to 6 face of with ‘of about 70}°, as shown in Fig. 451. 
With ite meted syenmete ue infrequently occur (Figs. 462, 463). 

tie illustrates three kinds of twinning. | In , 404 the 
t 


a8 6 


Orthoelase 
od, A, ei pt — In ener, tine with the ver- 
as twinning-axis are qommon (eee also Art. 242); this is illustrated 
tres 489 of augite roan Fig, 470 of and 
clam (eels Fig. . litter 
‘arlsbad twins (Gebsite Sommon: in the trachyte of Carlsbad, 


Bohemia); 
ty be contact-twins (Fig. 416), or penetration-twins (Fig, 471 
Bie totkanlilstinat eee mee #2 


Fig: 472, also of orthageee, the winning: plave i the einodome (oat), 
and since (O01 A 021) = 44° 56)’, this m of twinniny 
‘These twins 


pon of twinning have been noted with ribod twining 
Shin e(o0t) as fwlnninyppiano i eomumon with pyraaeao (al Fig, ve aan, p. 195). 
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i, te "0 pias eae in mn ie 
ving (or dom), 
tv ein ne ann with Shp folate Ae 
atalogos vin o pyrene shown pyramid 
0 A 122) Morse ‘the it 
Of try Bovs farther te rtbopnacade fll nedcly ts @ como sone see 


Gea 122) = 90° 9’. In Fig, 477 the twinning-plane is ithe orthodome 
101). plines na haeneiies asthe cole slat, dre 


often, show penudoreymmetry.. Fig. 478 shows a cruciform f with, 
coat , he Ort gato by th stations on te ofaee. 
{is com! ia Pig. 470 with twinningeplane (C11), ma 
square prisms, this farther with m(110) as ome per 
Salds e forea ok Fa80, ‘or even Fig, 426, p15, resembling nn isometric 
dod m, each face showing « fourfold stristion, 


256. Triclinic System. — The interesting twins of the trieli 
system are yeaarea i ie feldopara, ‘oning wih U(O10) ns the twine 
tic twi 


polyaynt 
pe Tamelin, shown by’ the striations on the face ¢ (or the carr 
clea ace), ae ao alsa clear, reves in paring "Ts is 
‘B)"h that of the peridne Iour she primes mina i the 
) is that 0 ine iow; ‘the tin on 
oxi. See none ion (rhomt Bcc Borne 
figure and further explained under 
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after this law is common, and hence a cleavage-mass may show two sets of 
striations, one on the surface parallel to c(001) and the other on that parallel to 


y) 
= 


Albite 


(010). ‘The angle made by these last striations with the edge 001/010 is 
characteristic of the particular triclinic species, as noted later. 

Twins of albite of other rarer types also oceur, and 
further twins similar to the Qarlsbud, Baveno, and Mane- 
bach twins of orthoclase, Fig. 484 shows twinning accord- 
ing to both the albite and Carlsbad types. 


REGULAR GROUPING OF CRYSTALS 


282. Parallel Grouping. — Connected wit the subject 
of twin orystals is that of the parallel position of associated 
erystile of the same species, or of different specion 
tptal of the ane species oocurring together are very 
covnaonly fa parallel position, In this way Lago erytal 
‘as of calcite, quartz, fluorite, are prcbeicdey ty yy 
sale: Sadi roped tometer wi coreponding faces paral 
srouping is often scen in erystals na they lie on the supporting 
rock. On glancing over n surface covered with erystals x reflection from one 
face will often be secompanied by" 
reflections from the earresponding 
face in each of the other orys 
tals, showing tht the erystals are 
throughout similar in their posi- 


With many jes, complex. 
crystalline forms real fom the 


i 


per, itite, and other species, 
Srp toi of the isometric system. This is shown in Fig. 485 (ideal), 
and again in Fig, 486, where the twinned snd fattened cubes (cf. Fig. 429, 
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258. Partial Parallel f the Same or Different Crys- 
tals of different species often show the same tendeney to paraleat ia mteal 
Position. ‘This is true most frequently of species whiok are more ar less closely 
similar in form and composition. ‘They will show & parallel position between 
certains (usually similar) planes in the two species, or the paralleisin of cor 
tain directions. Such sroupit eo unlike species must be due to close i 
larities in erystal structure that control the mutual orientation of their 
crystals, The structure planes of the two minerals that are in contact, with 
each other probably have atomic arrangements and spacings of  almbat 
identical character. Crystals of albite, insplanted on a surface of orihoclase, 
are sometimes an example of this; erystals of amphibole and pyroxene 
(Fig. 487), of zircon anid xeno- 
‘me (Fig, 488), of various kinds 
of mica, are also at times observed 
associated in parallel position. 

‘The samo relation of position 
also gceasionally cours where 
‘there is no conneetion in compo 
sition, a8 the rystals of rutile on 
tabular crystals of hematite, the 
vertical axes of the former ¢oin- 
eiding with the horizontal axes 
of the latter. Crystals of calcite 
bokedel ‘ ered a 

faces & series of a . 
quuria crystals. upon them, all Atpbitde enclosing Nenitine ong sron 
e osition; sometinas mee tartel ht parallel potion 
three such quarts crystals, oné.on pase 
gach shambobeda fee, corey envelop th elie, and unite with reser 
‘ing les to form wins (rath lings) of quartz after calcite, 
Parallel growths of tho sphenoidal chalcopyrite epou the letraheal spiel: 
rite are common, the similurity in crystal structure of the two spocies control 
ling the position of the erystuls of chuleopyrite. Cases have been described 
of similar grouping of the erystals of the same substans, in which 4 certain 
plane or direction is common to the different individuals but which the ordi- 
‘nary laws of twinning will not explain, 
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‘The irrogulurities of urystals may be treated under several heads: 1, 
Variations of form and dimensic Imperfections of surface; 3, Varia 
tiona of anglen; 4, Internal imperfections and impurities. 


1. VARIATIONS IN THE FORMS AND DIMENSIONS 
OF CRYSTALS 


260. Distortion in General. — The variations in the forms of crystals, 
‘on, in other words, their distortion, may be irrepular in character, certain faces 
being larger and others smaller than in the ideal geometrical solid. On tho 
other hand, it may be symmetrical, giving to the distorted form the symmetry 
of a group or system different fram that to which it actually belongs. The 
former case is the common rule, but the latter is the more interestit 

261, Leregular Distortion. “As stated above and on p. 13, all crystals 
how to a greater or less extent an irregular or accidental variation from the 
‘ideal geometrical form. This distortion, if not acoompanied by change in 

49 40 
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‘the interfacial angies, has no particular significance, and does not involve any 
deviation from the laws of erystallographic aymmetry. Figs, 480, 490 show 
distorted erystals of quartz; they may be compared with the ideal form, Fig, 
803, p. 130, Fig. 491 is an ideal and Fig. 492 an actual crystal of lagulite. 


‘altered, 
that is, 


of terminal faces; perfectly formed crystals, having both ends complete, are 


262. Symmetrical Distortion. —‘The most interesting examples of the 
symmeirieal distortion of erystalline forms are found among erysials of the 
faometric aystem, An elongation in the direction of one cuble axis may give 
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plane (ig. 409). IP in the sano direction (ez. hlong tine 48, 
obliteratina of the terminal octahedral faces, ft becomes af nett 

‘Whos nn octahedron is extended 10 the direethon of line between 

that of hinaey ‘x It haa the onsen fez of = 

fil Furr extend ain Fig 8, ‘coma ° 

entael, Abort, agget 

‘The dadecaketron tengthones tn th direction of a ci * 


in the 
‘a square prism with pyramidal eunaita (Pig, 498), and 
‘along te amsan asia Tt ‘Wa equate vetahedron, with truncited xogiex 


the ditectiow of an oelahedral (trigonal) axis nenumies 


ir the doxgatien of Ue tenpeebdron taki place along w cuble aie becomes x dole 
sighanied ppraoid with oubatded somata; er these mare lage ose 


thy fnether extension, I becomes a Sumit hatte hie pram 
Simllaty, the teinctabedrn, tetabetabesrat soa. may show distortion 
ofthe mine ibd. Fartheeexauplor are toe found Ia te oer apes 


198 CRYSTALLOGRAPHY 


2. IMPERFECTIONS OF THE SURFACES OF CRYSTALS 


263, Striations Due to Oscillatory Combinations. —'The parallel lines 
or furrows on the surfaces of erystals are called afrize OF striations, and such 
ssirfnces are sald to be striate, 

Kach little ridge on # striated surface is inclosed by two narrow planes 
more or less regular. These planes often ond in position to different 
faces of the erystal, and these ridges have been formed by a continued oscil 
lution in the operation of the causes thit give rise, when ncting uninter- 
ruptedly, to faces. By thin means, the murfaces of a erystal are 
tarked in parallel lines, with « aucceasion of narrow platen moeting at a 
ingle and constituting the ridges referred to, 

“This combination of different planes in the formation of a surface has been 
termed oscillatory combination. ‘The horizontal stristions on pristuatia 
erystals of quariz are examples of this combination, in which the oscillation 
has taken place between the prismatic and shombobedral faces, Thus 
crystals of quarts are often tapered to a point, without the usual terminations. 

‘Other examples are the striations on the eubie faces of pyrite parallel to 
the intersections of the cubs with the faces of the pyritohedron, also the 
strintions an magnetite duc to the oscillation between the ootakedron and 
dodeeahedron. Prisms of tourmaline are very eornmonly bounded vertically 

by three convex surfaces, owing to an oseillatory com 
bination of the faces in the prismatic zon 

264. Striations Due to Repeated Twinning. —'Tho 
striations of the basal plane of albite.and other tri- 
elinie foldspars, also of the rhombohedral surfaces of 
sume ealeite, hive been explained in Art. 248 au due 
to polysynthetie twinning, This is illistrated. by 
Fig. 500 of magnetite from Port Henry, New Yark. 


(Kemp,) 

266. Markings from Erosion and Other Cuuses. 
alte fog of ersstale re often uneven, of have 
| the crystalline structure de 1s a ooseqquence 

Mognetite | of etching by some chetsital agent. Cubes off 

are frequently: thus uneven, and. eryetals of lead sulphate (ariglesite) of lead 
carbonate (cerussite) are sometimes present as evidence with regard to the 
eause, Crystals of numerous other speeies, even of eorumdum, spinel, quarts, 
fle, sometimes show the sao result-af partis! change over’ the surface 
often the incipient stage in.a process tending to a final removal of the whole 
crystal. Interesting investigations have boon made by various iuthore on 
the action of solvents on different minerals, the wctual structure of the ery’ 
tals being developed in this way. ‘This mothod of etching is fully diseussed, 
with illustrations, in another place (Art, 291), 

‘Tho markings cin the surfaces of erystale are nut, however, always to be 
ascribed to etching. In most. cases such depressions, as well ss the minute 
levations upon the faces having the form of low pyramids (so-called rictnal 
protninences), are a part of the origina molecular growth of the crystal, snd 
often serve to show the successive stages in its history, ‘They may be itnper- 
{eetions arising from un interrupted or disturbed development of the form, the 
perfectly smooth and even erystalling faces being the result of completed 
Action free from disturbing causes, Examples of the markings referred to 
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coettr on the crystals of most minerals, and conspicuously so on the rhombo- 
hedral faces of quartz. 

of erystals are often marked with angular elevations more or Joss 
distinet, which are due to oscillatory combination. Octahedrons of fluorite 


‘mentioned. 
‘Whatever their cause, these minute markings are often of great importance 
‘8 revealing the true molecular ‘of the erystal. Far it follows from 


‘the symmetry of crystallization that like faces mnust be physically alike — 
thac in regard to their surface character; ahs plies ateng Oe cel 
the erystels of a species from a given locality, or perhaps from all localities, the 
tome planes are etched or roughed ali, “There ie mich tniformity on 
the faces of quartz crystals in this respect, 

we 
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266, Curved surfaces may result from (2) oscillatory combination; 
or (B) some independent molecular condition producing curvatures im the 
laminge of the crystal; or (c} from a mechanical cause. 

‘Curved surfaces of the frst kind have been already mentioned (Art. 268). 
A singular curvature of this nature is seen in Fig 501, of ealcite; in the lower 
Gast beaeie of Seales het emt alien Waris OT 

tion with the prismatie form. 

Curvatures of the second kind sometimes have all the faces convex. ‘This 
{the ense in crystals of diamond (Fig. 302), some of which are almost spheres, 

‘mode of curvature, in which all the fuces are equolly convex, ie less 
Jsommon than that in which a eanvex surface is opposite aod toa 
‘corresponding concave surface. Rhombohedrons domite caiderite are 
usually thus curved, The feathery curves of frost on windows and the 
flogging-stones of pavements in winter are other examples ‘Tho alabaster 
rosettes from the Mammoth Cave, Kent y, are similar. Stibnite crystals 
sotnetimes show very remarkable curved and twisted forms. 
| = if iey bak ape versely: ft = Beery 
appear as tansy yo many . 
Teresa Oy Guano gree a purved formes che prea: Thissemanete 
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jn tourmaline and beryl. ‘The beryle of Monroe, Connecticut, often present. 

tabs interartel eateicer ee eer he aad 

|, Crystals not infrequently occur with a deep pyramidal depression occupy- 
the place of each plane, as is often in common salt, alum, and 
iphur. This is due in part to their rapid growth, 


8. VARIATIONS IN THE ANGLES OF CRYSTALS 


267. ‘The greater part of the distortions deseribed in Arts, 261, 262 
emit no chung in the interfacial angles of erystals.” ‘ut thoee imper- 
feetions that produce convex, curved, oF irinted {koe tieoessarily eause nuch 
variations. Furthermore, efreumstxuces of heat or pressure under which 
the crystals were formed may anmetimes have resulted not only in distortion 
of form, but also nome variation jx angle. ‘The presence of impurities at the 
time of erystallization may aloo have & like effect. 

Bll mare imprrtant w the chango in the angles of completed erystals 
hich is caused by mbsequent pressure on the matrix in: which they: were 
formed, as, for examplo, tho change which may take place during the mors or 

‘complite metamorphism of the inelosing rock. 

Tha, chanen of ompoation mauling in poaidonorphou carta (oe 
Art. 278) is generally accompanied by an irregular change of angle, 80 that 
tho peoudomorphs of a specion vary much in angle. 

Tirgeneeal is safe to afr tht, with the oepton of the irgularition 
arising from imperfections in the proves of erystallization, or from the rubs 
requent alluded to, variations in angles aro rare, and the constancy 
‘of anglo alluded to in Art. 12 iy the universal law, 

a cases whero a greater oes varia ina i oberved in tho erst 
‘of the sume species from different Jocalities, the eause for this ean usually be 
found in a difference of ehetnieal competion. In the ease of isomorphous 
compounds it is well known that an exchange of corresponding eherteally 
‘equivalent elements may take place without « change of form, though usually 
Accompanied with a slight vartation in the fundamental anges. 

Tho effeot of hoat upon the form of erystals ix alluded to in Art, 445, 


4. INTERNAL IMPERFECTIONS AND INCLUSIONS 


268. ‘The transparency of orystaly is often destroyed by disturbed erystal- 
uation; by impurities taken up from the solution during the proces of 

lon; or, again, by the peseonee of Toreigu mutter refine rose 
prtal chemical alteration. ‘The general nate, inclusion, te given to any 
foreign body incloged within the erystal, whatever its origin. ‘These inclusions 
are extremely common; they may be gaseous, liquid, or solid; visible to the 
unaided eye or requising the uso of the microscope 

Rapid, crystal 


loemation of ryatle in which the iy rity snakes up as fa 
6 two thirds e wi mass; ‘iy seen in famous tainebleau 
limestone, ther 
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269, Liquid and Gas Inclusions, — ryan at dyes 


to the of fuids fn cavities in certain mineral, a8 quarts topes, 
beryl, lite, ete. bc tm fel t has been iy ee 
by Sorby, Zirkel, her, Rosenbusch, and others. 


OF Le Tat cat fis ba bens. by a notsaevel pave, ore aoe 
physical test (eg., determination of the critical point in the’ ease af COs) 
or by chemical examination. In the majority of aoe the obwerved ls es 
ly water; but it may be the salt wolution in which the 
forme ana not intrequenty, expecially in the case of mene 
dinwile (CO), as Gat procal by Vordag, Those Lquad’indadonn are 
marked as such, in many eases, by the presence in the eavity of a movable 
bubble of gas, ‘Occasionally cavities contain two 
liquids, us: water and liquid earbon dioxide, the 
latter then incloing a bubble ofthe same substance 


of. Fi Interesting experiments can 
ti ands of aetlonn sowing seb Toston ns (o 
Meretarey ps 308). ‘The isture of guuca yl 


by amoky quarts, moteoria tron, anf other sub 
stances, on the application of heat, has been an- 
sly by Wright. 
Xn some ate the carton spent beet 
if they then have « regular form 
Coralisiues of ie erence Whayit ofca ced 
negative crystals, Such cavities are commonly of 
hig ae ese as remarked on a later page, 
Toslusions, ‘The eid ‘nclusions are alot infinite. in 
their variety. Sometimes they are lure and distinet, and can be referred to 
known mineral species, ua the scales of goothite or hematite, to which the 
character of aventurine feldspar is duc: Magnotite ls & very cominon 
impurity in many miner, appearing, for example, in the Peanabuty moe: 
guns alo often social mixed, as in staurolite and gmeliniie, On 
other hand, quarts crystals very commonly inclose foreign materia euch 
‘us chlorite, tourmaline, rutile, homatite, asbestos, and many other niinerals. 
(ae es th Tr Leah ea habeas ot tabetha 
clusions may consist of maa of ma na 
granite matter sewn in orthoolae erysals in « porphyriic granite; or the 
Haees, quarts, ete., sometimes inclosed in large coarse crystals of beryl or 
spoduimene, ao Searing in granite veins. 

QTL. Microlites, ‘coystalies, ‘The microscopic ‘observed ax 
inclusions may somotimes be referred to known species, but more generally 
Yair true nature is doubtful. The term micolizs, propose by Vogseang, 
pein topes mapetiy! cg they are gen 
needle form, sometimes quit regular, and remarkable in 
‘arrangement and them are exhibited in Fig. 610 and Fig. 
51, ae a ae the minute individuals to known 


of the fc shown it 1305-600; they re often observed in glasy 
aooeteee ‘A series of names has been given to 
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varieties of orystallites, such 1s globulites, murgarites, ete. ‘Trichlte and 
belonite ure nuines introduced by Zirkel; the former name is derived from 
pig, hair; trichites, like that in Fig. 609, are common in obsidian. 


08 806 tor a 0 
Crysalites 
‘The microseopie inelusions may also be of an irregular glassy nature this 
ind is often observed in erystils which have formed from » molten mass, ns 
Java or the slag of wn iron furny 
272. Symmetrically Arranged Inclusions. —In general, while the polid 
Inclusions sometimes scour quite irregularly in the crystals, thoy are tnote 
‘generally arranged with sone evident reference to the symmetry: of the form, 


or external faces of the erystals. Examples of this aro shown in the followirug 
figures. Fig. 510 exhibite a crystal of augite, inolosing magnetite, feldspar 


ual (iat) Leute (Zirh) Garnet jpeteaing quarts 
=m (tees 


and nophelite microtites, ote. Fig, 511 shows a orystal of loucite, « species 
whose orystaly very cotmonly iniclows foreign matter, Pig. 12 ahoww a 
soction of a erystal of garnet, containing quarts, 


BIIGIBISGS 


Andalusite 


Another striking example is afforded by undalusite (Fig. 813), in which the 
inclosed carbonxeeous impurities are of consideruble extent and remarkably: 
lurranged, so as to yield symmetrical figures of various forts. Staurolite 


THREGULARITIES OY CRYSTALS 203 


omar shows analogous carbonaceous impurities symmetrically die 
i 
mnguotite common as an incusion in museovite, alluded to abewo, 
is i sna ye eymumetrioally apoeed, wally pasa ts We ott 
Bilpopts i oepatas by (hs peeve of sramedtely 
logopite is exp! 1 presence of symmetrically 
arranged inclusions Met et ‘315. a 


S14 hows nn interesting case of aymmoteieally 
iin dicho arth gl ere 
mene, from rash aie Coenen thine ae cme 0 8 ab 
cn par peg pe find 
Maat ce teatnmore ewes tie dias Cosel 
‘re et he Ct the! Neen 

Brae ate asic vent eed acre 
ESS yn teen ised exept 


‘Bucryptite tn Albite 
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CRYSTALLINE AGGREGATES 
snaa7@, The penter part ofthe epedimens oF mae of minerals that oocur 


eo 
TA is 
Of distinct orystalisation, can be wn to be composed of crystalline grains, 


‘Under the above head, consequently, are included all the remaining varieties 
of structure among minerals. 


‘The individuals composing imperfectly crystallized individualy may be: 
1. Coltomns, or fibres, in which case the structure is columnar or fibrona, 


2. Thin lamina, ‘8 lamellar structure, 
EN er et ee reaped 


274. Columnar and Fibrous Structure. —A mineral possewes a col- 
tinmnar wtructure when it is tande up of aleuder columns, ag some amphibole, 
‘When the individuals are flattened like x knife-blade, as in kyanite, the struc: 
‘ture is said to be bladed, 


much in sige. When coame, the mineral is described a coursegranular, 
‘and if not distinguishable by the naked’eye, the 
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Imitative —The fol are important terms used in 
pris ae Pilates rad of sinates boone 

Reniform: kidney- “The structure may be radiating or concentric. 
Be bacon, 


consisting of « group of rounded prominences. ‘The name is 
ae rom the Greck dere, & bunch of grapes. Ex, limonite, chaleedony, 


Pr STammilary: resembling the botryoidal, but compoeed of larger promi 
ences. Ex. malachite, 

Globular; spherical or nearly v0; the globules may consist of radiating 
Bre cr eonnenro ovata, We attached a Use ually ar, to th murfaco 
of a rock, they aro described as implanted globules. 

aise ‘in tuberase forms, or having Irregular protuberances over the 
surface. 

‘Amygdaloidal: ulmond-sbaped, applied often to. rock (us diabase) con- 
taining almond-shaped or sub-giobular nodules. 

Coralloidal: \ike coral, oF consisting of interlaced fexuous branchings of a 
white color, an the vanety of aragonite called fos fer 

Dendritic: Treclike, as in crysalizad gold. "The term den 
din od for saas fares ea when tot erystalinn a ia the Sandton 
fof manganese oxide, which form on surfaces of limestone or are inclowed in 
“meee ink 

Moway: lke mows in form or appearance, 
Filiform or Capillary: very slender and long, like a thread or hair; eon 


Sita ordinarily f  cceion of minute Ex, millerite. 
‘eur: onder and rghit Ex, atiboite. 
Reticulated: ‘S00 Art. 274, 


L el ot uh miloate implanted ergata. Ei. quarts 
Sita en tas 


i 
i 
i 
i 
a 


: be 
7 oF tay any Colal of faces racading Boas 
the central column, or there may be & broad cross-clesvi ‘The most fiumil- 
ny, gibbalte, 


278. Pseudomorphous ay intra even hay whan 
aigteliy eryaalisa, a delta tod cahclettis (See somone 
however, crystals sre found that havo the form, both as to nngles and general 
habit, of certain species, and ot ifr fom it etiralyin chemical cot post- 
tion, ’ Moreover, it is often noted in such cases that, though in outward 
complete crystals, in internal structure they are granular, or waxy, and have 
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no regular cleavage. Even if they, aro crystalline in, structure. the optical 
TiaraBers do neh soateres ta those segulred by thetyeunoier ta face, 
‘Such erystals are called pacudomorphs, and their ie is explained by 
the assumption, often admitting of diteot proof, that the original mineral has 
beet ehiaged lato the new: compuund: ur It kas dbappeared troveh mine 
agency, and (ta place been tuken by another chenileal compound to which the: 
form does not belong, In all these eases the new substance ix said to be a 
ponndimerph eller the original taineral 
Cotnmon Ulustrations of Leasergriy! ma ie ceryatala are afforded by tala. 
chite in the form of euprite, timonite in the form of pyrite, barite in the form of 
ee fe ‘This subject is further divoussed in the chapter on Chemical 
Minenilogy, 


PART Il. PHYSICAL MINERALOGY 


279. ‘The physioal characters of minerals fall undor tho following heads: 
I. Characters depending upon Cohesion and Elasticity — vin, eavesk, 
fracture, tonacity, hardness, elasticity, ete. 
t, & iy, oF ww Density compared with that of water. 
Piaracters depending upon Light — vie, oolor, lister, degree of tran 
in! optical properties, ote. 
Characters depending upon Heat — vie, host-conductivity, change of 
form and of optical characters with change of temperature, fusibility, ete. 


saaNty, Giaructers depen upon the action ‘al the senses —viz., tate, 
lor, fool. 
‘280, General Relation of Physical Characters to Molecular Structure, — 
Tt has boon shown (Arts, 30-$2) that the geometrical form of a crystallized: 
mineral ia the external expresion of ils internal molecular structure. IE ks 
filo true that the internal structure controls many of Ue physical cbiuraotons 
fisted in the preceding paragraph, and their study is s holp in the woderstand- 
ing of that structure, All the properties of « mineral must Cases upon the 
‘charaotor of the chemical eloments of which it ix composed and perhaps even 
more upon the way in which their atoms are arranged in the erystal structure, 
“Ol thas characters, the specific gravity merely gives indication of the 
Atomic mass of the laments prenet nnd the, ofthe sate pioalae 
fuegtegation. The first of these paint is illustrated by thn high specific 
gravity of compounds of lead; the socond, by the distinetion observed, for 
Stamp, betwen earhon in the form of thd jamoncl, with specific wravity 
of 3. and the sane chemical substance us the mitral graphite, with i spe 
cific gravity of only 2 
“Aff the other chiaructors (excopt the relatively unimportant onts of Clans 
‘Vi in gonral vary xveording to thi direction in the crystal; in other words 
they have n definite orientation. Roe all of them it is trup that directions 
which are erystalloyraphically tentical have like phyxical characters. 
Tn reurd to the converse proposition — vin, ut in all directions crystal 
iphically disermilar there may be a variation in the physical characters, an 
important distinetion is to be made, ‘This proporition holds true for all 
crystals, 40 fir ag the characters of Class Tare concerned; that is, those 
Hepending upan the eohisslon and elasticity, as shown in the cleavauo, hurd- 
tess, the planes of molveular gliding, the etching-figures, ee, Te iy alee true 
fin the ease of pyroolootricity andl piesoeloetrieity 
Te does not apply. in the anime way swith respect to the characters which 
involve the propagation of tight (and radkunt heat), the ehange of volume with 
of thmperature: further, electtic radiation, nuxgnetic induction, ete. 
oo Tcheeagh i wil be bowen that tho optioal characters of erystals are 
in agreement in general with the symmetry of their form, they do net show 
us 
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all the variations in this symmetry, It is true, for example, that all directions 
fare optically similar in a helonging (0 any clase under the isometric 
ystem; but this is obviously not true of its molecular cohesion, ns may be 
Shown by the cleavage. Again, all directions in a tetragonal crystal at right 
angles to the vertical sxis are optically similar, but this again is not true of 
the cohesion. These points are further elucidated under the deseription of 
the special characters of each group. 


I, CHARACTERS DEPENDING UPON COHESION AND 
ELASTICITY 


281. Cohesion, Elasticity. — The name cohesion is given to the foree of 
attraction existing between the molecules of one and the same body, in con- 
sequence of whic they offer resistance to any influence tending to separate 
them, as in the breaking of a solid body or the seratehing of ite surface, 

Elasticity is the fores which tends to restore the molecules of a body back 
{nto their original position, from which they have been disturbed, a= when 

has suffered change of shape or of volume under pressure. 

‘varying gees of cobesion and elasticity for crystals of different 
minemls, of for different direetions in tho same crystal, are shown in the 
prominent charscters: cleavage, fracture, tenacity, hardness; also in the 
Gliding-planes, peroussion-figures or pressure-fgures, and the etching-figures, 

‘282. Cleavage. — Cleavage is the tendency of & crystallized mineral to 
break in certain definite directions, yielding more or less smooth surfaces. 
Te obviously indicates & minimum value of cohesion In the direction of easy 
fmature— that is, normal to the cleavage-plane itself. ‘Tho cleavage parallel 
to the cubie faces of & erystal of galena is « familiar flustration. An umor- 
phous body (p. 8) necessarily can ahow no cleavage. 

Planes of cleavage are always planes of the erystal structure and therefore 
Tato tp to eeyeatogeriis Gea at ee onialy Semwute coors 

ms to the ory axes and are commonly oeourring 
forms on tho crystal in question, ‘That this is not always trun ie shown 
in the cases of fluorite and calcite, where the cleavage farms, though sianple 
in their erystallographic relations, seldom occur ue autural forms upon their 


ucoestive planes ie relatively large. Conditions ofthis sort are undoubtedly 
ing the existence of cleavage but they cannot, be the 

only controlling factors. For instance, it has been shown that sphalerite 
tod the dinmont! have the same atomie structure, out in one case the olen 
is dodecabiedral and in the other octahedral. Cleavage apparently d 
not only upon the geometrical position of the eonstituent atoms but also 
upon tlectrieal charger. The electrical’ forecs exating ‘between the 
different Iyers in the atomic structure sre of great importance and cleavage 
takes place when the attractive forces are at a minimum. 

Since cleavage commonly takes placo parallel to some fundamental 
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lustrous surfaces, as in mica, topus, calcite, Inferior degrees of cleavage are 
‘These terms are sufficiently intelligible without further explanation, Tt ansy 
bbe noticed that the cleavage of a species is sometimes better developed in some 
of its varieties than in ot 


983. Cleavage in, the Different Systems. — (1) 
tec, when parallel o te face of he cube hi i 
lin en alte’ lo ft cial tha 


In the tmxaoomal ayermu, cles, is usually either basal, 24 with beryl, of prismatic, 
said sy lites leavagty an with pyre 


: sd Al tre pineenidal 

Pruamesie cleavage ix alm common, aa with bartes ia this case the arbitrary postion ax: 
Samat in ‘he eryatal may mike ths leavag paral Yo a “horizontal prim 
“Tr the movoctam sro len 

extol ma, eal ad enya tv at 
league vo a heey 

inthe uct array i 

suse the Cleavage directions 

264 In same cares cleavage 

sharp ow or by sen 
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286, Gliding-planes.— Closely related to the cleavage directions in 
‘their connection with the cohesion of the molecules of « erystal are the glidét 
planes, or directions parallel to which a slipping of the molecules may 
place under the application of mechanical force, as by pressure. 

“hin may hav theron of spy producing eparation into ayers in 
the given direction, or, on the other hand, and more commonly, there may 
be a revolution of the molecules into a new twin- 
Ping com 80 that secondary tinning-lamelle are 

raed 

“Thus, if a crystal of huilite, or rock salt, be sub- 
jeetxl to gradual presvure in the direction of a dodeca~ 

yedral face, a plane af separation is developed nor- 

imal to this and bence in the direction of another face 

‘of the sane form. ‘There are six such directions of 

molecular slipping aad separation in crystal of this 

substance. Certain kinds of mica of the biotite class 

Bicthe often show pseudo-crystalline faces, which are un- 

“ donbterly secondary in origin — that ts, have been de~ 

elon by prosar etd Tmibaequenily’ to te growth of the-cryital (el, 
ig. 38), 


Tn wtitvnite, the bs (001), normal to the plane of cleavage, by « glisi 
crud tat ear eto ta speed ty ele tik fie ty 
al wpe sr ihe ede at pose yay tal wie ely en 

bra ba mar ym e 
ded a Wis rection wk th ports bond the muppet boing ect 


T. Secondary Twinning. — "The other caso mentioned in the precedit 

article; where moldoular slipping is neeoropanied by a all-revolutton (1805 
Of the molooules Into a new twinning-position (see p. 170 et weg.) is well illus 
trated by caleite. Pressure upon n cloavuge-fragment may result in the 
formation of a nitmber of thin lamellae in tw 


at 
eryatulline limestone, as oliwerved in thin sections undar aa 


the microycope. = 
Seoundary tinniiyclumella may nso be produced (and 
fe 


ture in quartz has been observed Judd, in whieh 
the eonsivted of right sand left-handed 
on 
ay ib ea Sri 
eat’ prewure hy Ha clenvaeraginent of pramatie 
‘ee bstaine of ® Grr hariontal support, and pressed by the 
Bp eacaeae oco  ea 
goer ai ee et 
Mech ts Uhe figure Hew it a vertient poaition. 1 xkitully done, the twine 
Feit emont ad Ue rsa angle correspon exactly ith that requed Uy Uae 
288. Parting. — The secondary twinni ines described sre often 
directiona of un easy separation — conveniently ealled parting — which may 


Antticinl ‘Twinning 
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be mistaken for cleavage-* Parting may also orcur along: liding-planes. 
‘The basal parting of pyrene ia a common exnsnplo of wich peeudo-clenago; 
iv was long mistaken for cleavage. ‘The basal and rhombohedral (1011 
fund the less distinct. prismatic (1120) parting of corundum: the aalipnat 
parting of magnetite (ef, Fig, 800, p. 108), ate othr examples. 

"An important distinction between cleavage and parting is this: parting ean 
exint only in certain definite planes — that is, on the surface of a twinning 
Iamella — while the cleavage may take place in any plane having the given 


Percussion-figures.— Immediately connected. with the gliding 
plas are the figures — ello percusnonsfipuent — prueed upon penal 
fection by n blow or pressire with 1 suitnble point. Ts nt 
Sich easer, the method described serves to develop more 
OF less woll-defined cracks whove orientation. ynrios with 
the crystallographic direttion of the surface. “Thus upon 
the cubic face of a erystal of hulite  foursrayed, star 
Shape fur is produced with arms parle wo he gy 
rnals — that is, parallel to the dodecahodral faces. On an 
‘octahedral face a throe-rayed star is obtained: 
"The percussion-figures in the case of tho micas have 
been often investigated, and, ox remarked later, thay forma 
ft _means of fixing the true orientation of a cledvagecplate 
Having ao ryan outines, Th Guy (Fig, here 8 six-rayed star 
‘ono of whose branches is parallel to the clinopinacoid (b), thy others ipproxt- 
mately parallel to the inuerwetion eiges of Ue pris (i) and bse (0.2 
Prediro upon a mic pat proves ole stint ray ta, cago 
to that just named; this is called a prearure-sigure 


1200. Solution-planos, — 1 the exse of many crystals, It te possible to prove the ex 
Jatenoo of certain directions, or etzvetureplanes, in whieh ehenninnl wetow taken place moak 
Feallly —-for example, when 4 eryatal te uncer Kees preemie. Thea directiont of chusnl= 
‘al wenn ee beet al luton” ‘hay ten aft tel hy the p 

fence of a radtivide of oriented cavitive of crystalline cuthine (so-callesl negative eryabala) 


‘the aie 4 tse directions 
A Coninreted with, this bathe 
i nice is Focks (nn iain, miter. 


291. Etching-figures. — Intimately connected with the general sith 
jecta here considered, of cohesion in relation to orystals, are the figures iro 
Guced by etehing on crystalline fase; these are often balled etchingsigures 
‘This method of investigation, developed particularly by Baumbauer, is of high 
importance ag revealing the molecular structure of the erystal foes \ndor 
‘examination, and therefore the syminetry of the erystal iteell 

‘The etching is performed mostly by solvents, as by. water in some cares, 
more generally the ordinary mineral acids, or caustic alkalies, also by steam wt 


The lamellar wtructuew of a massive mineral, without twinning, may also be the enuke 


‘Te ect sbinne i this erat plate under investigation be 
re ate de lnventigntion 
“chant cushion spd show be track witha ight hammer up m toe od 
ld Aly aga th aac 
Ti Friel, Dai, Six Mi, 29) 18) 1800, 
iin Pig, B17) ta be Star Bfor"meoyll 68 
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‘They hun reveal the ‘ym 


Quarts, ghit= —Quact, ete 
sic) RM Ml) metry of quarts and the difference between 
lesional roma right-handed and lftchandd apa Pi 
518, 519); tho distinction between enleite and dolomite (Figs. 622, 628); the 
distinetivo character of apatite, pyromorphite, ete,; the hemimorphie sym. 
tty of aang an wept (Fg 250, p 8), eto they alo prove 
hee rf fort the monoclinic crystallization of muscovite and otber micas 

1). 


620 ‘oat om 
oes 6 9 

oo 

Misoovite Chie 


oe ae 


ig. 540 shows the etohtig cur formed on x tial plane (cleavage} of top by fused 
‘aunts potash; Tig. 1, thar om 4 clea of mateavite hy hydroflurie acd 
Sea pe wantin ac of ean Sed Pg: Se aso clara ee 


sc 
The of the schngSiguren my vary with thea esta ith the 
ah thar syaunctryreauine content. For eanmupe, ig BS skate 
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16 figures obtsined with spangolit the action of mulphurin acid; 825, by the. 
Ae ond Pig aby Wpahlone Mo dierent dee of oceania” em 


OF the same nature 1x the etching-fgures artificially produced, in their 
telation to the symmetry of the erystal, sre the markings often observed on 
the nacural ftoes of erystals,. ‘These ate sometimes secondary, eaused by & 
natural etching process, but on 

from ole an ¥ 

in the erystalline developinen 

of the etal. "The iver 7 
triangular ous often 

seen on tho octahedral faces of / 2X yN 
paced arene as an ex 

ample. nes mat. \ 

fal aeiramtion shorpsiateal A 
in character, gbaceved 09, co- 

rani eal ra Moo, 

tana (Pratt). ova a 

w twin orystal of fluorite with Mevcjen Micon 


‘ewes proxues certain corrosive form, 


Ponficld shore of quarte (from a sitny i-handed individoal) to the 
ruven at Wythe nal Ht wee nak A A eae eda) to the 
Mei th ver i yi he ei tela wm 

rome 
ta 00 Toning ‘aftr the apc 


i 
je! 
fs 
a 
Hy 
Gh 


At 
i 
i 
is 
Ey] 


ie 
pe] fino the forma oF kind of attt= 
XN <A face. oblained by, breaking 
Piha Slee ct Gpatta ‘s direction “other. than 
Pierce that of cleavage in erystal- 
i hghly perfec i Siveral deta the ee pohe ear 
ago is hig 4 jong, ne the rhoral 
Calcite, fracture is often nat readily obtainable, 
Fracture fs defined ue: sak is 
(@) Conchoidal; when w suineral breaks with eurved eoncavities, more oF 
ep called Grom the resemblance of the concavity to te rabye 
I, from conch, a shell. This is well lhuntrated by obsidina, alse by 


Tess. 
ofa 
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flint, If the forms are small, the fracture is said to be small-con- 
(oe: rr ot factors — ugh with 
ven; wl face of fraeture, ro numerous 
seat ations and depressions, still approximates to a plane surface, 
a) There when the surface is rough and entirely irregular; this is true 
of most minerals, 

Q) Hackly; ‘when the elevations are sharp or jagere; broken iron, 

ther terms also employed are earthy, eplintery, ets. 

TOA. Hardneas.—‘The haninews of miner ix measured. by the re 
sistance which a smooth surface offers to abrasion, ‘The degreo of Hardness ts 
determined by observing the compurstive ease or difficulty with which one 
mineral is seratched by another, or by’ filo ar knife, 

Tn minerals there are all ‘of hardness, from that of tale, impreseible 


the finger-nnil, to that of the diamond. To to the use of 
character, & sate of handnene was introduced! 6 fobs. It is as follows: 


1. Tale, 6. Orthoclase, 
Quarts, 


mineral in ‘ertion 


the above methods, 
inerals, exactness {8 


It should be noted that minerals of grade I haye a fool to the hand; 
those of grade 2 are easily seratehed by the finger-nal ; those of grade 3 are 
rather readily cut, as by a knife; of grade 4, scratched rather easily by the 
Knife; grade 6 efntched with sue dificulty! grate 6, burly wrntchet ben 
knife, but distinetly by a file — moreover, they also serateh ordinary ‘glass, 
Minernls as hard as ciate (H. = 7), or harder, scratch glass readily but are. 
little touched by a file; the few species belonging here are enumerated in 
Appendix B; they include all the gems. 

295. Sclerometer. — Accurate determinations of the hardness of min« 
trala an be made in various ways, one of the best being by us of an ine 
ment called  selerometer. Tho mineral is placed on « movable carriage, with 


then dotermined which is just sufficient to move 
seratel on the surfnce of the mineral. 

By means of much an instrument the hardness of the different faces of 

has been eg rarity of exist has bon found 

kyanite hardness, same 

different directions. ‘The degree of ease 
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the hardness will likewise vary. In general, differences in hardness are noted 
fonly with crystals which show distinct ages the 

‘whieh is intersected by the plane of most complete cleavage. Further, of & 
single fuce, which is intersected by cleavage-pianes, the direotion dion 
lar to the cleavage-direction iy the softer, those parallel to it the harder. 
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‘of @ mineral nod 


nany of them kre compounds cottaiay’ slurs — e eomundl clays. 
tesa snd many suminalena. ofthis the Norte borseit, ihn (H. = 7); 
‘On the relation of hardness to pacific kravity, wey Art. 207. 

47. Practical Sugxestions Several potata should be emparlad ia the tesla of 


THT the mineral i lightly sltered amis often the ease with 
heiarac hay Be edi ralched hat Une would be bape ith the feral He, 
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tn!) ilgeral with, eranlas mete often appear to be seated hen the gale 
i) A relatively oft mineral ten. faint white ue of 

wea Tinea armed eee sehen dy 
pode aa of quarts, | lightly. ay the a ante 


208. Tenacity. — Minerals may be either brittle, sectile, malleable, or 


Brittle; when of @ mineral we in powder or 
(@) ben paris of mineral separate in powder oF grains on 


chout, falling 
veriaes under a hammer, “This chur 
fund these slices flittened out 


manent, a new ition of 
molecular equilibrium having been assumed; thiy i¢thown in the phenomena 
of li secondary (winning, alrondy discweed. Thr mugnie 
ven substance is meanured by the coefisent of 

‘This is defined aa the rela- 
Mion, for example, between the elongation of a bar of unit swotion to the force 
larly of the beading or twising sr ae 


aiaataality of un amorphous body is the save in all directions, but it changes 
in value wit 


leseribed! ns “ highly elastic,” while phlogopite ix much less 60. In thiw ease 
iWinnot tee in the physeal senwe that sapacorhie te f high value for the 
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Il. SPECIFIC GRAVITY OR RELATIVE DENSITY 


300. Definition of Specific Gravity: — The wity of m mineral 
te the ratio of ttn density= to that of water at °C. (O02 F.). This relative 
densit the ratio of the 
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‘The statement that the specific gravity of graphite is 2, of corundum 4, of 
ena 7°, te,, means that the densities of the minerals named are 2, 4, and 
Fr, ete, times that of water, in other Words, ua familiarly expressed” Any 
volume of them, s cubic inch for example, ws ‘2 times, 4 times, 7°5 times, 
ay a a ip vole, « ube ich, of waters 

‘ing, since the ity of water varies with its ion of 
contrastiu tat cnqn st vaaparstos ine oacbarton Boul beans TH 
Wnter at n fixed temperature, numely 4° C. (80-2° F.), at which it has its 
maximuan density. If made at a higher temperature, & suitable correction 
should be introduced by caloulation. Praotioally, however, since high 
degree of necuracy ix not often called for, and, indeed, in many eases is iim 
Practicable to attain in consequence of thé native of the material nt hand, in 
the o work of obtaining the specific gravity of miners the temperature 
‘ut which the observation is made ean safely be neglected. Common varia 
ons of temperature would wekiom aflct the value ofthe pede gravity to 
the extent of one unit in the third decimal place, 

For the sume reason, it is not necessary to take into consideration the fact 
thatthe obaerved weight of» fragment of mineral sess than true weight 
by the weight of wir dupaca. 

Where the nature of the investigation eas for an acura dermination 
of the specifi gravity (eg, to four decimal plac), no one of the preenutions 
in regard to the purty of thatral exactnes of weght-mennirenent teoper- 
ature, ete., can be ueglected.* ‘The accurate values spoken of ure needed in 
the consideration af such problems ne the specific volume, the relation of 
molecular volume to specific gravity, aod many others. 

‘01. Determination of the ‘Specific Gravity by the Balance, —The 
dirvet comparison by weight of a certain volume of tho given mineral with an 
equal volume of water is not often practicable. By rnaking use, however, of 
fe familiar principle in hydrostaties, via,, that a solid immersed! in water, in 
‘consequence of the buoyancy of tho latter, loses in weight: nn amount whioh is 
equal to the weight of an equal volume of the water (that is, the volume It die 
places) — the determination of the specific gravity becomes a very simple 


ProsTho weight of the slld inthe a (uw) i it datermined in the usual man- 
ner; then the weight in water is found (w'); the difference between these 
‘weights — that is, tho loss by immersion (ur —'o') — ia the weight of a volume 
of water equal to that of the solid; finally, the quotient of the first weight 
(w) by that of the equal volume of water as determined (w — w') is the spe 


cific gravity (7). 
peri 


i 
A common method of obtaining tho specific yravity of a firm fragment of 
armineral ig as follows: Firat weigh the specimen necurately an a good ehemical 
Ealance. Then it from ane pan of the balance by a horsebair, silk 
thread, or, better still, by a fine platinum wire, in a glass of water conveniently 
placed beneath, and take the weight again with the sume earo; then use the 
results as above directed. The platinum wire may be wound around the 


* Cf. Earl of Betieldy in Min. Mag, 12, 64, 1805, 
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‘peeimen, or where the later is small t may be made at ope end into ile 
‘spirals 

302. The Jolly Balance. — Instead of using an ordinary balance and 
dotormining the actual weight, the spiral balance of Jolly, shown in Fig, 
531, may be conveniently employed; this is nlso suitable when the mineral is 
in the form of small grains. ‘Tho instrument consists of « spiral spring at the 
ower end of which are suspended two pans or wire baskets, ¢ and d, Fig. 31, 
Upon the movable stand rests a filled with water, When in adjust= 
tmnt for reading this stand hay such n position that the pan d is immersed 
in the water while c hangs above it, Upon the upright 
there is @ mirror upon which is marked 4 soule. ‘posi- ot 
tion of the balanoe nt any time is obtained by so placing 
the eye that the bead, m, and {ts reflection in the mirror 
cojucide and then reading the position of the top of the bead. 
upon tho seale. Tho first stop in the operation consists in 
ieiting the position of the spring alone, having the pan 
Immersed in the water in tho beaker. Lat his reuing be 

resented by n. The minoral whose specific gravity is to 
be determined fe then jpliced on the pan or taaket, ¢, and 
the platform B raised until d la properly immersed in the 
‘water. The position of the bead m is again read. Let x 
this value be represented by Nj. Lf from 4, be subtracted ? 
the number n, expressing the amount to which the sealo is 
stretehed by the weight of spring and pans alone, the dif 
feconce will bo proportional to the weight of the mineral, 
Neat the mineral is placed in the lower pan, immersed 
in the water, sty in the corresponding. umber, 
Ns, read "The difference between those reudinge (V1 — 
Ni) isa number proportional to the loss of weight in water. 
‘The specific gravity is ther 


N 
N 


Tt is obviously necessary to have the wires supporting the 

lower Immersed to the kashe depth in the ease of each of the dbree deter: 
minations. If care is taken the specific gravity can be obtained 

to two decimal places. A much improved form of this balance has been de- 


Cn 


rider of such a weight that Its position will Be near the outer end of the beat, 
‘The position of this rider ts then read from the scale engraved upon the bear, 
Let this value be equal to N;, ‘The mineral is next transferred to the 

‘pant and the beatn again brought into balance by moving this same rider 
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‘The second reading may be represented by Nz. ‘The formula for obtaining the 
specific gravity is now: 


‘Beam Balance for Specific Gravity, jth Natural Sizn (after Peafeld) 


‘304. Pycnometer.—If the mineral is in the form of grains or small 
fragments, the specific gravity may be obtained by use of the pycnometer, 
‘This is a small bottle (Fig. 583) having « stopper which fite tightly and ends in 
a tube with very fine opening. A number of different types of bottles nro 
used, ‘The bottle is filled with distilled water, the stopper inserted, and the 
gverflowing water carefully removed with a voft cloth and then ‘weighod 
‘The mineral whowe density is to be determined is uleo weighed. Lastly the 
bottle is weighed with the mineral in it and filled with water as described 
on ahove.* The weight of the water place! by the mineral 

is obviously the differonce between this last weight and that 

of the bottle filled with water plus the weight of the mineral, 

‘The specific Rravity of the mineral ls equal to ita weight nlono 

divided by the weight, of the equal volume of watur thus de 
termined. Where this method is followed with sufficient 

cure, especially avoiding any change of temperature in the 


‘water, the results may be highly acourate, 
If the mineral forms x porous mass, t anay be frst reduced 
to powder, but it is to be noted that It hui been shown by 
Rowe that’ chernical precipitates have uniformly a higher 
density than belongs to the same substance in & Jess fnely 
divided state. ‘This increase of density also charneterizes, 


though to Jess extent, n mineral in a fine state of mechanic 

eal subdivision. It is explained by the condensation of the water on the sun. 
face of the powder, 

= It is often found convenient 

vity and in the mechunieal separa~ 


cluded aaning the mera par 
tielex “Thin may: he by placing the hole un ‘exhausting 
She se ot by aumeniiog Ihe bot fora art ie tnx bees Hic ate a 


‘SPECIFIC GRAVITY OR RELATIVE DENSITY 221 


that is, a so-called heavy solution. One of these is the solution of mercuric 
iodide in potassium iodide, called the Sonstadt or Thoulet solution. | When 
made with care it huz « maximum density of nearly 3:2, which by dilution 
may be lowered at wil. 

‘A second solution, often employed, is the Klein solution, the borotungstate 
of cadmium, having & maximum density of 36. ‘This again may be lowered 
ft will by dilution, observing certain necessary precautions. Still a third 
solution of much pettical valu is that proposed by Brauns, methylene ode, 
which has a specific gravity of 3324. Cleriei solution, composed of ex 
parts of thallium formate and malonate, hay Eravitien above 4:00; 
dee below under Literature. A number of other solutions, more or less 
Practical, have also been unrest, * ‘When one of these liquids is to be used 
for the determination of the specific gravity of fragments of a certain mineral 
it must be diluted until the fragmenta just float and the speeifie gravity then 
obtained, moet conveniently by the Westphal balance (Art. 308). 

‘Whess, on the other hand, the liquid is to be wed for the separation of the 
Fe et a ingress Sang ied 
to the proper degree 1088, just and smi fragmnen| ing 
out, thon it is introduced into the solution and this diluted until one eon 
‘tituent after anothor sinks and is removed, Far the convenient application 
of thin mathod a puitable tube in called for and certain, proeautlons mut 

5 


be observed; soe tho papers noted in the literature (p. pecially one 
hy Penfield. 
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cother hand, while alursiain is « metal of low density. (G. = 26 and abonio 
Io 27) ite oxide, carumditn, hae a i 
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forms ia which they appear. “Thus in the ease of calcium eartinate (CaCO), ealeite ha 
See neateiacass an 
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ea ene (7 the ane! Ft 33) Rover aria Sao 
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{ese oy and charncteratie of ft minérasy and often those which afv hydrous (eg 
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Feet” tia and focnution of Clerio solution, Am Mi, 20, 123, 1025, 


IIL. CHARACTERS DEPENDING UPON LIGHT 
GENERAL PRINCIPLES OF OPTICS 


811. Before considering the optical characters of minerals in general, and 
more jeularly those that belong to tho orystals of the different systems, it 
is ‘to review briefly some of the more important principles of optics 
upon which the phenomena in question depend, 

For a fuller discwmion of tbe optics of crywtals aperial referance tn made to the works 
Cee ee viol Soe 
Various ndvanted textbooks of Bhyaion é * 

912. The Nature of Light. — Light is now considered to be an electro~ 
barron [sermon Mi) toa pence sinbepes in the onerey Gives off by, 
Vibrating dlotrons. ‘This energy is transmitted by a series ic changes 
that show all the charaoters of Ordinary wave phenomena, ‘Bhe light waves, 
‘as they sre commonly called, possess certain. short wave-lengths that are of the 
correct magnitude to affect the optic nerves. Othoe similar waves with longer 


beyond the violet end of the visiblo xpectrum come the so-called ultra 
Violet” waves with still ehorter wave-longths and on beyond thew we have 
the Xomaya and the“ guama ” r rodueed by radium. Of the waves 
having greater lengths than those it waves we hive the waver that give 
‘riso 10 the sensation of heat nnd the Hertzian waves tised in wireless, 


tee ction of tho Ferien which prodiutes the effect of light boars to the whole 
may be strikingly shown when wo say thut if ordinary white ight is broken up. 
‘considered to be extendod on either 


‘would be over five million miles in length. 

"Tho trunamission of light through intérstellar space, through liquids and 
trangparent solids, lias for some time been explained by the sss on that 
A medivin, called the luminiferous ether, pervades a spate, luding the 
ae a ie In this media, se iorations at 

t waves are asruined to take place, For the purposcss present work, 
however, it s unnecessary to consider closdly the exact nature of hight or the 
mode of its tranamlasion. It will asst greatly, however, in obtaining a clear 
{dea of the behavior of light in crystals if wo assume that light waves aro mo- 
SHanieal in nature aod consist of periodic vibrations or oscillations in xt all- 


ether. 
313. ‘Wave-motion ia General.— A finmiliar example of wave-motion 
ia given by the series of concentrio waves which on n surface of smooth water 
rit fram a.center of disturbance, as the point where a pebble has boca 
Tn. ‘These eurface-waves aro propagated by a motion of te water- 
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particles which is transverse to tho direotion in which the waves themselves 
travel; this motion is given from each particle to the next and 50 
on. ‘Thus the particles of water at any one spot oscillate up and down,” 
while the wave moves on as a circular ridgo of water of constantly increasing, 
diwneter, but of diminishing height, ‘The ridge ig followed by a valley, 
Indeed both together properly constitute a wave in the phyniea enue, This 
compound wave is followed by another wave und another, until the original 
impulee hus exhausted itself, 

Another familiar kind of wave-motion is illustrated by the sound-waves 
which in the froe air travel outward from a sonorous body in the form of 
concentric spheres. Here the actual motion of the layers of air is forward 
and back — that is, in the direction of propagation of the sound —and th 
‘effect of the transfer of this impulse from ono layer to the next is to give rise 
alternately to a condensed and rarefied shell of air, which together constitute 
‘8 sound-wave and which expand in spherical waves of constantly it 
intensity (singe the mass of air sot in motion con increases). Sounite 
Waves, as of the voice, may be several feet in length, and they travel at a rate 
of 1120 foot per second at ordinary temperatures, 

314. It is important to undersiand that in both the eases mentioned, as in 
every cine of free wave-motion, each poitit on a given wave may be considered 
444 0 center of disturbance from whieh w ayater of now waves tend to go out, 
‘Those individual wave-aystens ordinarily destroy each other exoopt so far na 
tho onward ion of the wave aa a wholo is concerned, ‘This is further 
ireland iftstrated in its appleation to light-waves (Art 816 nnd Fige, 
585, 536). 

in general, theroforo, n given wave ik to be considered su tko resultant of 
nll these minor waveaywtems. If, however, a wave encounters an obstacle in 
lus path, ne w marrow opening (ie, one narrow in comparison withthe length 
6f the Wave) or a sharp edge, then tho fact just mentioned explains how the 
‘waves seem to bend about the obstacles, since new waves start from them at 
centers, This principle has an im) it application in the cuse of light. 
waves, explaining the phonomens of diffraction (Art. 887). 


318, anoter am of wave-nution tay be wntlone, soe it pttelay bly 
correct appeebension of rar ‘attached a 
Git be erie ibe lle suck eaten tthe hen up ee dork Sit ne se 
waveorm— in ona case « erent, in the other m trough — which will travel quickly to, 
‘tose ub Ftc Sk wt nova psn; ibe i ea fora 
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tat ge tel, while the former tes ropremnta the rites of 
are i, former rave Frome 
‘alld plane-polareed ight capes 


*‘Stricly speaking, the path of each particle approxitoaten elowly Uo a eda: 
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All those cases of waves obtained with » rope deserve to be carefully considered wad 
studied by exporter for tbe ake of The umistance they give ton understanding of the 
Somplex phenornen of ight-wavee 

816, Light-waves. —In the discussion thot follows, in order to make 
the explanations simpler and clearer, light-waves have been treated as if they 
consisted of mechanical disturbances in a material medium called the ether. 

"The vibrations in the ether caused by the transmission of « light-wave 
‘take place in directions transverse to the direction of the movement of the 
wave. ‘These oscillations have the following characters. When an ether par- 
ticle is set vibrating it moves from its original position with gradually decreas 
ing velocity until the position of its maximum displacement ts reached. ‘Then 
‘with gradually increasing velocity it returns to ita original position and since 
it is moving without friction it ‘continue in the same direction on 
point. Ite velocity will then again diminish unt il it hax reached » digplace~ 
‘ment equal but ite in direction to (ta first swing, when it will start back 
On ite course and repeat the oscillation, ‘The varying velocity of such an 
oscillation would be the same as that shown by a pais moving around a 
circle with uniform: dif the particle was observed in is direction lying in the 
plane ofthe cir, "Unser thes conditions ‘the particle would appear to move 
forward and backward along « straight line with constantly changing velocity, 
‘Such a motion is called simple harmonic motion. 

"The motion of one ether particle is communicated to another and 40 on, 
each, in order, fi ‘a little behind in the time of ite oscillation, Conso- 
quently, while the individ~ 
al particles move. only 
‘baek and forth in the sumo 
line the wave disturbance 
moves forward. If, at a 
given instant of time, the 
positions of successive 
licles in their oscillations: 
es plotted, 4 curve, such 
as shown in Fig. 534, will — —— 
be former. Such» curve armani Carve 


‘ance C-D, Fig. 534). ‘The phase of & particle at a iven 
the vibration and ‘the direction in whioh it in 


wing. 
‘The distance between any particle and the next which js in a like position 


‘of the vibratfon, and the solar, ax in a lator article, 
the ‘of the waves; the ‘of the: violet waves is 
the length of the red waves. 

inary light the transverse vibrations are to be thought of ns taking: 
‘all planes about the line of propagation. In the above figure, vibra- 
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tions in one plane only are represented; light that has only one direetion of 
‘tmansvorse vibration is said to be plane-polarized, 
Light-waves have a very minute length, only 0-000023 of an inch for the 
yellow sodium flame, and they travel with’ enormous velocity, 186,000 miles 
per second ina vacuum; thus light passes from the sun to the earth in about 
fight minutes. "The vibration-period, or time of one oscillation, is conse 
‘quently extremely brief; it is given by dividing the distanee traveled by light 
in one second by the number of waves included.* 
317. Wave-front. —In an isotropic medium, ns sir, water, or glass — 
that is, one in which light would be propogated in all direotions about a lumi- 
‘nous point with the same velocity 
m — the waves ure spherical in form. 
The wave-front is the continuous 
surface, in this ease spherical, which 
‘noludes all partieles that eorimence 
their vibration at the same moment 
of time. Obvior the curvature 
‘of the wave-front diminishes 1a the 
distance from the ouree of light in= 
creases, and when the light comes 


from an indefinitely great distance (as the sun) the yeavo-front becomes sen- 
sibly a plane murface. Such waves are called plane waver. ‘Those 
fase are illustrated by Figs, 635 and 888, In Fig. S95 dhe luminous point is 
fmupposed to be O, and the’ medium being isotropic, itis obvious that tho 
‘wavefront, as ABC . . . G,is spherical. Iti also made clear by this figure 
Row, as briefly stated’ in A-t, 814, tho requltant of all the individual im 

‘which go out from the successive points, aa A, B, C, ete., as centers, 
form a new wave-front, abc... g, eoncentrio with'ABC’ .G, In Fig 
£536 the lurninous body is supposed to be at a grent distance, so that the wave- 


"rm acount of th rane ed at wh ht rae ry a iain 
Roel ile neo ep mel gh ck the 
Srey ies ea er ene 
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front AB. . . Fis a plane surface, Here also the individual impulses from 
oe ee or eae igh sinner ein 

 —The study of t+] ws is, in in eases, 
facilitated by tho conception of a light-ray, a line drawn from the luminous 
point to the wavefront, and whose direction is tuken 90 28 to represent that 
DE the wave itself. In Fig, 535, OA, OB, ote, are diverging light-rays, and in 
Fig. 536, OA, OB, ete,, are parallel light-rnys. In both these eases, where 
the medium is assumed to xt isotropic, the light-ray is normal to the wave- 
Fresh fe equivalent Lo saying that the light-rave moves onward in & 
direction normal to the wavefront, 

Tt must be understood that the 'light-ray ”” has no real existence and is 
to be taken only as a convenient method of representing the direction of 
motion of the light-waves under varying conditlons, Thus when by appre 
Priate means (ef, the use of lenses) the curvature of the wavefront te altered 
Rigor example, if from boing a plane surface itis made sharply convex — then 
the light-rays, at first parallel, are said to be made to diverge, Again, if the 
crnvek waretront is rade plane, tbe diverging light-rays are then suid to be 


‘Tha visual part of the waves goltig out from w brilliantly ineandevoent: body, 
ar the glowing carbons of an sloctrie are-light, tiny be shown to consise of 


“The effoct of hile light is obtained if all the waves from tho rvd to the 
‘violot come together to the eye simultaneously; for this reason a piece of 
platinum nt a temperature of 1600° C. setae Wl white hot.” 

“The radiation from the sources named, eithor the stip, the electric carbons, 
or the glowing plalinuny includes aleo Tonge waves which dot affect the 
eye, but which, like the light-wayes, procutce the effect of sensible heat when 
Teceived upon fan absorbing surface, as one of lamp-bluck. There are also, 
particularly in the radiation from the sun, waves shorter than the violet whieh 


Tas wavecongth of Hight co Ta lionel io 
Fe en eis for lit vari frm ent 30 19 750 ya” Th 
owing Hk Fig heme of Ue colors of Une apectyth. 424 tthe ile, 
ToC 98 Klum oll wroen, 505 an yellow, 623 na orange, TOT na ro 
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tao do not affect the eye, ‘The former aro called infra-red, the latter wltra- 
biolel waves. 
‘The brightness of light depends upon the amplitude of ite vibrations and 
Mee oto tne teens 
‘820, Complementary Colors.—The sensation of white light; mentioned 
above js also obtained when toa given eolor— tha iy light-waves of given 
on way — is corn 


‘certain atherso-enllod come 
plementary colar, ‘Thus cer~ 
Tainahadewof pink and green 
combined, as by the rapid 
rotution of « card on which 


the colors form 6, 
pale tho elt of white, 
lus and yellow of certain 


sido ena ample, 

For every 

flor in the speetritt thers 

estar hoe 
nthe sense 

Alto, ‘The most perfect 

ilkstrtion of ‘eon 


into the first medium, 
‘The rollection of light 
‘waves is illustrated by 
537 and 638, In Fig, 587, 
AMAL is tho roflocting wure 
face — here « plane mirfnco 
anid the light-waves hays 
Phere tho th 
In ott ite 
rays (0A,0b, ote.) are parale 
Jel. It ia obvious that tho 
wavefront meets tho sir 
Let at ie Coed 
from point, 10 point 
fo E. These points are to 
tbe rogarded us the centers | 2 
‘of new waye-sysierns which — je” 
unimpeded would be prop 
tented outward in all directions and at a given instant would have traveled 
through distances equal to the lines Ao , Bb’, otc. Hence the common tan 
kent fobkE to the circular ares drawn with those rdii from A, B, ete, 
Tepresente the direction of the new or reflected wave-front, But, goomet 
Tieally the unglo eA is equal to JAA, or the incident and reflected weave 
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smoke oyual angles with the refecting If NA is 9 normal 
tiene Ieee ef ese ie te A th aol 


N 
Titles eae oped ete ongla of etn 
3 Furthermore, the “ iocains at rales 2278 * both lie in the same plane 


0, the waves. go opi leo 


13 Glow that ail the new Lmpulass, which have their centers at 4, 8, Cote, 
taust together great a vaio of rellecind waves whown center 288 ¢ ra 
daiancs ‘great from AIM measured on a normal to the surface (OA = 

Now the lines 04, OB, sta which are perpendicular to the wave-fronts 


HE 
F 
mie 
ra 
gstes 
uae 
lal 
ee 


IN’, et2., are equal 10 
nl ‘Henco the above law 
pplios to this ease 


If the reflecting surface is not pieces but, for example, a concave surface, 
ao that of a 4pberical or mirror, there is: ‘a change in the curvature of 
the paola after ion, but the same law still holds trae, 

‘The ‘ol the reflected to the incident Ancresoes arioothnent of 
aetna a ee i 
ie cae ee ges 


F 


ys 04 Od ia pat of whew, wavefront is 
‘abede Pease fon fr tai, Ho, las at whic Hs alot ip 

two thirds as great as it was in Ent eae th mice the as 
to be plane. At thse that he th ray Oder the gia the EB 
Iie reuched the point «During the time that the la:ter ray travels from 
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OF Sey le eee he lees 8 tae cual 9 162 
‘or to some point on an are having this distance as a radius (. In the 
same way during the time ray O-E passea from the point p to B, ray O-B 
Wall ave tones in the gses the distance 2-5, consl to 4yB: In this way 
ares may be drawn sbout each one of the points A, B, C, ete, and the posi- 
tion of the new wave-front in the glass determined by their common tangent, 
Ekhgf, It is seen that there is a change of direction in the wave-front, or 
otherwise stated, in the light-ray, the magnitude of which depends on the 
ratio between tha light-velocities in the two media, and, as discussed later, 
‘also upon tbe wave-length of the light. The light-ray is here said to be 
broken or refracted, and for a medium like ‘optically denser than air 
(i.e, with a lower value of the light-velocity), the refraction is toward the 
perpendicular with the angle of refraction, r, smaller than the le of inci- 
dence, z, In the opposite exse — when light passes into an optically rarer 
medium — the refraction is away from the dicular and the angle of 
refraction is larger than that of incidence (Art. 828), 

‘323. Refractive Index.— it is obvious from the figure that whatever 
the direction of the wave-front — that is, of the light-rays — relatively to the 
given suriace, the ratio of e& to Af, which determines the direction of the new. 
‘wavefront (Fe tha Ginngtion of a efvacted say, AF) du comntante ‘This ratio 


is equal to —> where V is the value of the light-velocity for the first medium 
(bere ir) and w for the second (as glass), ‘This eonstant ratio is commonly 
Tepresented by n and is known as the tndex of refraction. ‘Therefore 


6 


In Fig. 839, hy construction, 

ZeAE = Zi ond ZAEf= Zr, 
Also, 
‘Therefore, 


The law of refrastion then Is given by the expression, = 57, 
formulated 2s follows: 

‘The wine of the angle of incidence bears 0 constant ratio to the sine of the 
angle of refraction, 

In the case of light passing from air into crown glass this ratio is found to 
bs, sat = 1-608, and this number consequently gives the value of the re 
Tractive index, or vi, for thia kind of glass.* 
ar Cet paling, ine freon of the ther ea asm ken on it, 


‘he sane paver of refraction (n for nit = 1-0000), the Inde 
‘of nay substance obtained by comparioon with that of als : 
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“The above relation holds true for any wayeaystem of given wavelength 
in patsine from one medium into another, whatever the wave-front oF shape 
we re beaming surface, In Fig, 540 the luminous point is at O, and it ean 
He ray aown tht Te new waveont propagated inthe second media 
(ot groster optical density) lng a flattened curvature and corresponding £0 
this center at 0’ (whore Gt =) Here the incident rays OB, OC, are 


refracted at B and C, the corresponding refracted rays being BE and CF 
For this case also the relation holds 


true here also, so longas the medium 
is isotropic. 

“The relation between _wave- 
length and refractive index is spoken 
of in Art. 393, 

324, Relation of Refractive In~ 
dexto 1t-velocity. — The diseus- 
sion of the preceding article shows 
that ifm is the refractive index of a given substance for waves of a certain 

reer to i, V the veotty sn ar ‘and y the velocity in the given 
um, then 


For two media whose indices are n; and ne respectively, it consequently fol 
Jows that, 


‘Therefore: The indices of refraction of two given media for a certain wave 
length are inversely proportional to their relative light-selocities. 

‘in other words, if the velocity of light in air is taken as equal to 1 and 
the velocity of the sume light is found to be one-half ss great when passing 
through a given substance, the index of refraction, or 1 of that substance 
when referred to ait (n= 1-0) will be equal to 2-0, 

‘925, Principal Refractive Indices. — The refractive index has, us stated, 
‘a constant yalue for every substance, referred, as is ust, to air (oF it may 
be to a yacutim). In regard to solid media, it is evident from Art. $23 and 
will be further explained Inter that those which are isotropic, viz, amorphous 
‘ubstances and erystals of the isometric system, can have but a single value 


all orthorhombic, monodlinis, and triclinic erystals have. similarly Uree 
principal indices, @, 3, x. In the latter cases of so-called anisotropic medin, 
the mean refractive index is taken a8 the arithmetical mean, aumely 2 
anit tty, 

$28, ect of Index of Retraction wpon Las, es. —The laser and 
general nppearance of a transparent substimnee depen largely upon ite refrao- 
five index. For instance the pecullar aspect of the mineral eryalit, by mena 


low index of refraction, If eryolite is pul 


powder 
a test tube of water it will disappear and ily go into solution. It is 
trite ineoluble, however, bot coms inva the Sater Decne hs inde 


and consequently suffer little or refraction at the euriuces between 
the two. On the other hand powdered glass with « higher index of refraction 
than that of water appears white under the mame conditions because of the 
reflection of light from the surfaces of the particles. 

See es enn na ne ot etettion Save mn spe 
‘ance which it i hard to define, and whieh is generally spoken of as an n- 


‘specimens of diamond (n = 2419) oF of cerussite (x — 1-8), 

te elope wise Onebaeg ir heals ges 
mit a feactive i for le, 

ens of certte nnd fluorite (n= 1454). The uwurl index of reteetion tor 

minerals may be said to range not far from 1°55, and gives to minerals a hister 

‘which has been termed vitreous. Quartz, feldspar, and halite show good 

examples of vitreous aster. 
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311, Relations between Chemical Composition, Dassity and Refractive Inder That 
definite relations exit between the eheracal compotion of & substance, its ‘eravilyy 
Sind It dndox of reraction, ass fen conclusively shown in eatny coves. Wit the plage 
Clie fama rou, for istagen the waraton In conpostion which he diferent 


he 
‘The two mont astisiactory exprenions ure Ube one proposed by Gladstone and Dales> 
11 constant theane propor independently hy Tenet and Loren 59" 
= Socata, In howe equal to he rea refractive index and if tothe dgwity, "Thee 
sere orginally far ih ean nn na fo he odin bare et 
found to serve about equally well. attempts axe 


i soe acta rol ty oy epee ns ply ee 
= anid 
to calling gid the rent ae fon the oalfcntons thatthe ceva neruclare mut 


introduce, 
398. Total Reflection. Critical Angle.—In regard to the principle 
sited in Art, 328 and expressed by the equation n = £7, two points are to be 


noted. First, if the angle ¢ = 0°, then sin ¢ = 0, and obviously also r = 0; in 
other words, when the ry of light (as OA, Fig. 540) coincides with the per 
fendjcular, no change of direction takes plice, the ray proceeds onward (AD) 
Into the second medium without deviation, but with a change of velocity. 

"Again if the angle — 90°, then sin { = 1, and the equation above becomes 
n=2—orsinr = 


ar 2. An hae s fixed valuo for every aubstanco, i is obvi- 
ous that there will also be # corresponding value of the angle r for the caso 


mentioned. From the above tabloit is seen that for water, sia + = sy and 


f= 48° 31"; for crown glass (a = 1608), sr = jog andy = 38°27; 


for 


1 6 95°. 
iamiond, sin r= goy5 and r = 24° 25" 


“This fact, that for each substance at a particular value of the angle r the 
gage | becomes equal to O0" has an important bearing on the behavior af 
Tight when it is passing from an optically denser into an optically rarer medium, 
In Fig, 541 we may assume that light-rays coming from various directions 
meot the surface between a block of glass and the sir at the point A. Light 
traveling along the path O-A ‘will pass out into the air without a chango in 
ite direction but with an {nereaso in its velocity. If it emerges fram the glass 
at any other angle than 90° che rayon entering the air will bs bent away from 
the perpendicular anv the angle of deviation will vary with tbe angle at which 
tho ray touched the surface and with the index of refraction of the glass. 
‘The same law holds true in this ease as in the case of a ray entering from the 


air, except that the formula now reads n = 22%, whero r= the angle the ray 


in alr makes with the normal to the aurfaco and ¢ = the angle that the ray 
makes within the glass to the sane normal. In Fig. 541 the may C-A will pass 


Pal rane 989,917, 1863. 
Wirt Ned 1550 
w isa 


PHYSICAL MINERALOGY 


234 
Sar and’ es awe’ i hn proaing prtpaphs te psy hres = 20, 
88° 27" und, as shown in paragraph, for glass, where n= 
‘the angle r in the air will be 90" and the ray will travel along the surface of the 
lass in the direction A-F. Consequently any ray, sueh us G-A, which meets 
the murface of the plot at an angle 
greater than 38° 27’, will be le 
fo pase out into the air and will 
fer total reflection at the surface, 
ppassing buck into the glass in the 
direction A-G’, with angle OAG = 
angle O40’, ‘Tho angle at which 
total reflection takes for any 
substance is known as its erilical 
angle. 

‘The phenomenon of total re- 
flection is taken advantage of in 
the cutting of gem stones. Ac- 
cording to common practice such 
a stoue is cut with a flat surface on 
top and with a number of inclined 
facets on the bottom. The light that enters the stone from above is in a 
large meesure totally reflected from the loping ‘below and comes back 

unt of light 


to the eye through the stone. The am reflected in this way and 
the consequent ey of the gem increases with its index of refraction, 
‘Two stones cut exactly alike, one from diamond and the other, fron 


quarts, would have very different appearances due to this difference in the 
amount of light totally refleeted from their lower facets. ‘This a pric is 
ustrated in Figs. 642 and 543, ‘They nt cross sections of two hemi- 
spheres cut, one from fluorite and the other from diamond. Tt is assumed 

t light from all directions is focused on the center of the plane surface of 
each hemisphere, All the light that meets this surface at an angle greater 


‘Total Relioction in Fluorite n = 143 Total Reflection in Diamond m = 242 


than the critical sngle for the mineral will he totally reflected back through 
the spherical surface. The shaded areas of the show the amount of 
light in each case that would be so reflected and illustrate the optical 
difference between the two substances. 

329, Effect of Index of Refraction upon Microscopic Phenomena. — In 
the stuy of minerals, especially in thin section tinder the mieroseope, Varia- 
tions in the index of refraction give effects which are of importance, In Fig. 
S44 et be amas hat i the objetivo lens of compound mierosope 
‘and that the instrument is exactly focused upon a point O, Fig. 644 A. It 


finally. zines is Inid. 
Tn the preparation of a section the surf ‘not polished, hence, from the 
iH 4 ‘pitted and seratebed and it may be 
‘aasumed that in eros section such 8 preparation would be somewhat as repre- 
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‘upparent snd the mineral appears as if polished. If there is » crack, as at b, 
20 much light penetrates it that it is searcely visible when the convergent 
Tens is close to the object, but when the latter is lowered, and expecially when 
the light is restricted by the use of an iris diaphragm inserted Into the micro- 
scope tube, the nearly parallel rays of light will suffer some total relection 
along the line of the erack and so make it visible. On the other hund, if the 
mineral has # high index of refraction there will be innumerable places all oyer 
the section where the surfaces are so inclined that the light will euffer total 
reflection in attempting to pass from the optically dense mineral into the rarer 
balsam. Hence the uneven surface of the section due to its grinding is plain! 

Yisble’ ‘This efect ls more pronounced if the convergont lens fe lowered 
‘The cracks that may exist in a mineral of high index of refraction are for the 
sume reasons much more distinct than in a mineral of low Index. Further, 
ifs mineral of high index of refraction is embedded in one of low, o, Fig. 544 
D, there will be places along its outer edge where total reflection ‘will take 
place, thus causing its outline to be dark and distinct. "This effect combined 
‘with the roughened aspect of the surface and the apparent increase in thick- 
‘ness, as deseribcd in the preceding parngraph, all tend to make a mineral of 
high index of refinetion stand out conspicuously in relief. ‘These effects are 
«seen best with a lens of medium power, and as stated above, with the condenser 
Tens lowered snd the field partially darkened. 

‘Determination 


330. of the Indices of Refraction of Mineral Grains 
under the Microscope. — The cansiderations of the article sg 
gest means of determining: the indices of refraction grains under 


the microscope, | If x grain is immersed in «liquid of known index of refrace 
tion its posible to determine whether it has higher or lower index of 
refraction than the liquid and by the use of a series of liquids of varying 
refmotive indices it is possible to determine with considerable xecuracy tha 
index of refraction of the mineral. A list of liquide® in common use for such 
purposes, with their indices of refraction is given below. 


Petroleum distillates. . oe 
Mixtures of refined petroleum oile and turpentine. 
Turpentine and ethylene bromide or elove ol 
Clove oil and a-monobromnaphithalens. 
Petroleum oils and e-monobramnuphthil 
«emonobrotnaphthalene and mothylene 
Bulphur dissolved in methylene iodide 
‘Mixtures of methylene iodide with 
‘arenie and tin, also sulphur and Sodoform (seo Merwin). 
Methylene iodide und arsenio trisulphide (see Mervin 
Resinelike substances formed from mixtures of piperine 
the tri-iodides of arsenic and antimony. ‘These fuse easily 
‘and mineral grains ean be thus embedded in a thin film of 


the material 1-680-2100 
Mixtures of the ehloride, bromide and lodide of ‘thallium 
(see Barth). TERA Tarp ae hey 224-278 


“Wright, Methods of Mere 8; Merwin, Jour. 
jal ee teeter mares ee es et 
1983; Barth, Am. Min., 14, 368, 1929. 

Harrington and Berger, Arm. Min., 16, 45, 031, 
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‘The indices of refruction of the test liquids ean be determined either by 
the use of the total refractometer or by filling a hollow glass prisin_with the 
guid and sing the methods exployed wi ‘ordinary mineral prisms, see 

rt, 332. 

‘A series of these liquids should be: which for most i 
conveniently show differences in the indices of the diferent Tiguids of i 
For more exacting work smaller differences between the indies of the members 
Of the series would be of avivantage. If these are kept in well, stoppered 
Potties and are protected fram the light they will show very little change over 
considerable periods of time. Teis advisable, however, to check their indices 
‘at least once. Sid 

‘The mineral to be studied should be broken down into wniform small 
grains (0-05 mm. is usually 2 good diameter) and then a few grains placed 
Upon alas lide. A drop 

liquid with » known index 
fof refraction is then pi 


us as 

laced 
‘grains and 

ity sharpness of outline and 

if the minoral is colorless 

and the correspondence of 

the two indices exact it 

will quite disappear, Cor- 

‘tain tests, however, are com- 


monly used to determine the ,., ne ‘ 

MOnNY ne tcoa-of the mice. OMpe wih Low tisfactive Gra wih Heh ea 
ral and the Hguid which Sh oleate tnx of Low” Herve Index 
with proper care can distin- 

guish difforences as small as 0-01 ot with practice and especial oare as small 
ET D-OOL, "To make these tests the condenser below the microscope stage 
should be lowered and, if the instrument has » sub-stage iris Glaphiateay this 
ae Vas ee ene the Senn of Fe 

is red iy fy a small peneil of light composed of nearly parallel rays 
‘enters the section. Such mineral ‘will usually be thinner on their ediges 


font a miners} grain illuminated in this way when immersed in» licuid of 


. 
SYS Wil produce in ono case a brighter ilumination of the ot the 
ce ee oe Sa a Dah 
{terme in snalon however, commonly go slit to bo cent 
arene Mit ditheulty. The so-called Becke est is eoxnmonly used 
ake ee roan ay rane on omerg ne analy 
jective t rw! or mil wibe. 
‘The fondanser lens beneath the should be lo 
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wetimes two lines will sppear moving in of 
site directions and it may be difficult to decide which is the Becke line, 

By lowering tho condenser or deseasae te aperture 
in the iris diaphragm. For the use of the Becke test in rock sections, soo 


it edge will be on the side 
toward the shadow, ‘These conditions are 


when illuminated in obli we ight will show eclored borders. 
denser lons lowered the the 


Tt should be pointed ous here that all minerals, excopt those of the isometsic 
system, show different indices of refraction depen 

‘tion in which the light is vibrating while passing through the minal ene 
sequently, unless 


Ee 


sei al 


EI 
yj a oi59 : 
ee 


they require more apparatus 
‘illuminator, the index of « given mineral may 


of the methods are that 
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be determined for a certain wave-length of light when immersed in certain 
liquid. ‘The indices of refraction of that partioular liquid for several wave- 
Jengths of light being already known, it ie possible to establish the index of 
reiruction of the mineral for the wave-length of sodium light. In practice 
the same mineral could be immersed in two or three different liquids in onder 
1° Citation tte inde ofa quid produced by a change 
Variation in the int 8 liquid may also be hse a in its 

temperature. A cll which water of known temperature ean eireulate 
is placed on the stage of the microscope, and the mineral grains and index 
guido placed onthe thin glass plate that frm tho upper surface of the 

|. ‘The temperature of the index liquid ean in thie way be varied until its 
Ss of ptretion matches that of the mineral. ‘The refractive indices of 
ul uid (its thermal dispersion) ing wn for varying temperatures, 
the index of the mineral can be determined for a given yet fin ela 

A combination of these two methods, known as the double dispersion 
method, yields the best results} ‘The refmctive index of the liquid de- 
creases fs the wave-length of the light used increases, and also as the tempera 
‘ture of the liquid rises. On the other hand, the variation in the index of the 
mineral grain with changes in temperature and wave-length of light will be 40 
‘small ss to be ordinarily negligible. By choosing liquids thet show a maxi- 
mutn light and heat dispersion it is possible to cover the range of mineral 
indices with comparatively few liquids, 

333. Determination of the Index of Refraction by Means of Prisms or 
Plates, — For the more accurate determination of the indices of refraction of 
‘minerals « natural oF eut prism or plate of the mincral is used, Tn all eases, 
‘except minerals of the isomotrie system, the prism or plate used must have « 
certain crystallographic orientation. This matter, however, will be discunsed 
when the optical charters of such minerals are given. For the present, we 
will assume that the mineral whose index of refractian is to be determined is 
isometric in its crystallization. ‘There are two chief methods of determining 
the index of refraction by the use of « prisen. 

1. The Method of Perpendicular Incidence. — "This method, although not 
‘the one most generally employed, is un exeelient one to become acquainted 
with, as it may be used to advantage in some eases and frorn it the formula 
necessary for making the calculations is readily derived, Tt ig n to 
have a prism of the mineral which has two plane surfaces meeting at a small 


angle should be small enough so that the light may pass freel 
through the prism and not suffer any total reflection ae it attempts to pass out 
into the air, For instance with fluorite in which n = 1434, the prism angle 
must be less than 44° 12’, for at this angle total reflection would take place. 
For a mineral of higher index the angle would have to be smaller still, as with 
diamond, = 2-419, where total reflection would take place at 24° 24". 
On the other hand, more accurate results will be obtained if the prism angle 
is ES Bosse the limit fr the mineral being used, ea 
represent the cross section of auch a prism. Let a-b it 
a ray of light striking the face of this priam nt 90° incidence. It will suffer 


sos, Sgefenaine mad Merwin. J.Am. Chem. oe. 441970, 1022, Twubol, Min, Mag, 8, 
Emmons. Arm. Min., 18, 504, 1928, 
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this position the normal, WY, to the priem face, must bisect the angle between 
the axes of @ and 7”. "The prism is now turned through am angle of exsetly 
‘60° to its second position, which brings the normal N exactly in line with the 
axis of the collimator tube, When this has been accomplished the graduated 
circle is securely clamped. The telescope may now be unclamped and 
moved without all the poaitiin of the prism, and somewhere between T’ 
and 7” a position 7” will be found where the refracted ray falls on the 
ross-hair of the telescope. ‘The movemont of the telescope from the poei- 
tion 7” back to 7” gives tho angle of deviation, or 3, of the light-ray that 
thas been refracted by the prism. In practice it is well to repeat the meas 
urements both of a and 5 several times and to go through all the operations 
of shifting the positions of the prism and telescope. If white light is used 
for illumination the refracted ray seen at 7” will sppear ns narrow speo- 
trum. ‘To make an exact determination a monochromatic light (sodium 
light is best) must be employed. 
2, The Method of Minimum Deviation. — This is the method that is most 
generally employed for determining indices of refraction by the use of prisms. 
Tt depends upon the principle 
that when a beam of light, 
‘abed, Fig. 551, traverses & 
su 


amount of deviation in its 
path of any possible course 
through the pram, The tc 
may be proven empiri 

experimentation om the refrac: 
tometer. In order to make a 


cael 

prism is turned, A little practice is ni to determine exactly the position 
of minimum deviation and the measurement should be made in  monochro- 
‘maticlight. When the telescope is properly placed at this point the graduated 
circle is clamped sind the telescope turned until the direct signal from the 
collimator tube is fixed upon the vertical eross-hair. ‘The angle between 
these two positions of the telescope is the same as the angle of deviation, or 8, 
“The formula for making the necessary calculation from these measurements 
follows very situply from a comparison of Figs. 551 and 519. Tt may be 
‘noagited that Fig. 551 is composed of two prisms lke Fig. 549 placed back to 
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back. ‘This resulta in doubling the angles a and & so thst the formula now 
becomes 

y= tin a+ 8) 

nfo * 

3. The Method of Total Reflection. — 
‘This method is based upon the principle 


Total 
the Total Refractometers Of asain nic Rion 
fej oe wi ison eee ee 
is of YY wn, high in ‘ion. 6 Upper sur 
face SE ee ate nid dat be accurately adjusted in « hori- 
zontal position, The mineral 
to be tested may be of any 
shape provided that some sur- 
face upon it has been ground 
plane and polished. A drop of 
some liquid of high index of 
refraction is placed between 
the surface of the glass hemi- 
‘and the flat surface of 
mineral. This serves to 
unite the two substances and 
dispel the thin layer of air that 
would otherwiseseparate them. 
‘The liquid should have an in- 
dex of refraction intermediate: 
between that of the glass and 
that Slentotreea tha two seb 
iquid lies twosul 
Dilantin of tect Bak ton 
stances in the form of a thin 
Metied oh Teel Eaten film with surfaces 
whatever optical effect it has upon the light as it ‘enters will be balanced by 
the opposite effect as the light leayes the film. ‘So the presence of the film 
of liquid ean be ignored. Fig. 553 represents a cross section of such « heni- 
Sphere with a mineral plate resting upon it, Let it be now supposed that by 
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‘means ofa mirror a beam of monochromatic light is thrown upon the apparatus 
from the direction of -X, Rays 1 and 2 will suffer partial refaetion at the 
dividing plane between the glass and the mineral to rays 1” and 2" and also 
partial reflection to rays 1” and 2”. Ray 3 strikes the mineral nt the critical 
Sngle for the combination of the glass and mineral and will in part be r= 
frarted at a 90° angle und emerge a ray 3, jst grazing the surface of the 
hemisphere. ‘The greater part of ray 3 will however be reflected a8 ray 3”. 
Heyord this point, all the leht must be totaly reflected, thus 4t04”, Ifthe 
optical axis of a telescope is now it to th Siteetian Nak appar 
ea marked shadow wil appear in the fie of vision. One sido will be il 
Kiminated by the total reflection ofall rays beyond those of the eritieal angle 
wile the olfor se will be nti der at here conaderable avo 
‘of the Hight ‘out into the mineral. tween position 
= cerca re 
surface of the " 
53, will be the eriteal angle for 
the corohination of glass and mine 
Sabla havea ie Gating te 
° ait to 
calcilate what the index of refrac. 
Mon fe tineral mit be. “It 
6 mineral plate is. transparent 
(sscughi ao tbat, Wakt mas pee 
through it into the glass” hemi 
sphere apother meth of illumi~ 
nation may be used, os ustrated 
in Fig. S54. The reflecting mirror 
Is so urranged that the light cones 
from the direction X,_, Rays | and 
2 il be rerncted to” and 2” and 
= wi just grazes surface to 
Daemon altace st Ratton wl i ghuseh the exafncs to 
nt Ceeralenitentey TL will pass into the Nemisphere = 
telescope pluced with its nxis along the line 3” will show in its field n dark 
Shadow. ‘The contrast between the light and dark portions of the field, b 
this method of luminatian, is much stronger than by the one first described. 
‘The telescope is so placed Uhat the line of the shadow exactly divides the 
angle between the diagonal cros-hairs of tho eyepiece, The telescope is 
attached to a graduated cirele from which the angle pean be directly fend, 
With each of thee Instruments comes orderly table giving the indices of 
refraction corresponding to the different possible values of x. This tublo ean 
Saale caver nt curve plotted en coinato paper in xh x way 
that the index of refraction for s particular angle can id nt glance, 
Further, the ealeulation oan be made haying given the index of refraction of 


Thy celina CaM Vota Nota: roms the ceilnasy- law fey hit fades ot 
fraction we av ey = et =m But when he ert angle 
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394. Dispersion. — ‘Thus fur the change in direction which light suffers 
in reflection and refraction ling alone been considered... It is further true that 
the amount of retraction differs for light of different. waye-lengths, being 
frrester for blue than for red, In consequence of this fact, if ordinary light be 
Syased chrough a prism, as in Fig. $51, it will not only be refracted, but it will 
vibe muffer dispersion of be separated into its component eolors, thus forming, 


the prismatie rece 

‘ariation for the different colors depends directly upon their wave. 
lengths: the red waves are longer, their transverse vibrations are slower, and, 
it may be shown to follow from this that thoy suffer less change of velocity. 
prrentering the new medium than the violet waves, which are shorter and 
Whose velocity of transverse vibration is greater, Hence the refractive Index 
Torna given aubstanee is greater for blue than for red light. ‘The following, 
fre values of the refractive indices for diamond determined by Sehrauf: 


240845 red (lithium flame). 
2:41723 yellow (sodium flame), 
242540 green (thallium flame), 


385, Spectroscope.—'The instrument most commonly used for the 
analysis of the light by dispersion is familiar to all as the spectroscope, There 
ire a number of vurieties Of spectroscopes made, the simplest of which con- 
inte of a glass prism mounted at the eenter of the instrument: with two tubes 
pointing away from it. The light from the given souree is received through 
aeenrrow allt in Uhe end of ono tube and made to fall es.a plane-wave (that is, 
fsa” pencil of parallel rays”) upon one surface of a prisin at the center. | The 
light is di iy its passage through the prism and the spectrum produced 
viewed through a sulableevcope at theo ‘of the second 1 


—is viewed through tha apsstroseope 


Violet, If, however, the light from an incandescent vapor is examined, it is 
found to give n spectrum consisting of bright lines (or hands) only, and ‘these 


aca ~ oP dan f= Thee ie pave 
ce recor att of tin ipl = Yet, we mee a 
‘the wae way 1oF Ube highly refracting glue of the hemiephere whowe refractive ines, 
eae neon lait ix ss ~~ Path, ne hve i th ee 
{Te enn oh fe er met) nti 


eoity of Hight nm " 


the expression, tone sin 20° (eyanurod on instrument). By wob- 
ade ~alecy of Fight im glans ~ aie 
1 
sin por 
Tine “xin 
iw 


on et we pene 
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green, characteristic of barium; the multitude of bright lines due to iron 
‘vapor (in the intensely hot electric are), and so on, 

‘The monochromatic illuminator is an adaptation of the spectroscope 50 

made that ony small prtin of the spectrum, thus correpondg fo pram 
cally one wave-! ty is permitted to émerge through a narrow slit, 
In this way, light of any desired wave-length can be obtained. 

336. tion. — OF the light incident upon the surface of & new 
medium, not only is part reflected (Art. 821) and part transmitted and re 
fracted (Art, 322), but, in general, part is also adsorbed at the surface and part 
also during the transmission. Physically expressed, absorption in this tase 
means the transformation of the ether-waves into eenaible boat, that is, into 
the motion of the molecules of the body itself, 

‘The color of a body gives an evidence of this absorption. Thus a sheet of 
red lus 1 red to the eye by transmitted light, becsuse in the trans 
Tubeon ef the light-waves tl it, it absorbs all except those which to- 
gether produce the effect of red. For the «ame reason a piece of jasper 
appears red by reflected light, beeause it absorbs part of the light-wnves at tho 
surface, or, in othor words, it reflocts anly those which together give the 
oe laspitin ia pcre sloate sinc iven body absorbs 

ion in ve tion; that is, a given al 

partiela pete of the total radiation, or more defi ty, ares of a deiiie 
‘wavelength only. Thus, 3 peces of colors are 
Theld in sucosssion in the path of the white light which is passing into the 
spectroscope, the spectrum viewed will be that due to the selective absorption 
of the substance in question, A layer of blood absorbe certain parts of the 
light so that its spectrum consists of a series of absorption bands. Certain 
rare au as the salts of didymium, ete., have the property of selective 
absorption in a high degree. In consequence of this, « section of a mineral 
containing them often gives « characteristic absorption spectrum. 

‘This latter property may be made use of in testing certain minerals, more 

ally thowe that contain the rare earths or wan, Tass sre har 
acteristic absorption bands in the spectrum. ‘They may be tes! asin 
‘strong white light thruugh a thin section of tho mineral atd obsereing the 
ting by means of a direct visiou spectroscope. Often a better 
result will be obtained by illuminating the surface of the mineral and testing 
the reflected light for absorption bands. The light will have sufficient! 
penetrated the mineral before reflection to have had some of it absorbed. 
Those tent canbe mad beat by some wrt of a micrrpectrwcope, Which 
ive a clear spectrum superimposed upon a scale of wavelengths.” 
itbs ask tsa of the Si spose aE eae a os kata 
lines are the moet prominent, are due to the selective absorption exerted by 
the solar atmosphere upon the waves emitted by the much hotter ineandeseent 
mass of the sun. 

337. Diffraction. — When monochromatic light is made to pass through 
a narrow slit, or by the sharp edge of an opaque body, it suffers diffraction, and 
there arise, 28 ay be observed pon an Appropriately placed screen, s series 
of dark and light bands, growing fainter on the outer limits, ‘Their presence 
{is explained (see Aris. 941, 342) as duo to the interferenee, or mutual reaction, 


‘For details of this method of testing minerals xee Wherry, Smlthaonian Sie, 
06, No.8, 1015, me ay 


The phenomena are the same, and for the samme causes, except that the bunds 
are successive colored spectra. 


ioe we evant eae a act ta a a 
uate ante cy gear Ply no 
“speculum used with transmitted, and the speculum erating 
Tai se ee me tr, Toe oe 
i : 
este See hw Gyan eS 


338, Double Refraction. — As implied in Art. $26, all crystallised. sub- 
stances may be divided into two principal optical classes, vis.: isotropic, in 
wwhich light has the same velocity no matter what of its vibra 
Hon, and anistropic, in which the velocity of light in general varies with the 
Aireetion of vibration. ‘The anisotropic chs is further divided into uni- 
‘arial, which inclides crystals of the tetragonal and hexagonal systems, and 
Qianiad which includes crystals of the orthorhombie, monoclinic, and triclinie 
aystoms. The characters of these various optical ‘lasses will be explained 
in dotail further on. 

Tn the dscssion of Art. 822, applying to strc madi twas shown IBGE 
light-waves passing from one medium into another, which is also isotropic, 


suffer simy in wave-front in consequence of their in velocity. 
Fen ods, however, which ineindo all erystals but those of tho 
isometric system, there are, in’ general, two wave-systems ited with 


different velocities and only in certain limited cases is it trae that 
Tay is normal to the wavefront. This subject eannot be adequately 

plained until the optical properties of theee media are fully discussed, but it 
Mnust be nlluded to here since it serves to explain the familiar fact that, while 
‘With glass, for example, there is only one refracted ray, many other substances 


give two refracted rays, or, in other words, show double fion. 

“The moet familiar example of this property is furnished. by the mineral 
Sale ale ll er an Wk cee ae se 

frac ye 3) be a clonvage piece 
Treated a ray of light meta i ab wil tn pase Au 


ing through, be divided into two rays, Be, bd. "For this 
rewwn, a dark spot or line soen throtigh a piece of eal- 
tite ordinarily appeare double. As Implied above, the 
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$220), 0n8 0 the raya always retain ts initial dreotion normal to the sur. 
face; but tho other, except in certain special eases, is more or less deviated 
from it Avith «anil mbetance, further, both rays ro unully refracted 
‘and bent from their original direction, In the ease of both taiaxial and biaxial 
‘media, however, itis still true that the normal to the wave-front remains unre 
fracted with perpendicular incidence. 

340, Interference of Waves in General.—The subject of the inter- 
ference of light-waves, alluded to in Ari. 387, requires dotailed disoussion. It 
is one of great importance, since it serves to explain many common aud beauti- 
{ul phenomens in the optical study of crystals 

forring again to the water-waves spoken of in Art. 813, it is easily 
understood that when two waveaystens, golng out, for example, from two 
centers of disturbance near ono another, come together, if at & given point 
they meot in the sume phase (as crest to erest), the result te to vo the pnrtieln 
in question a double amplitude of motion, On the other hand, if at any point 
Sang wry ret ow Spence te iegh ate e 

‘apart, the orest of one ing to the troug other, 1 
interforo and the amplitude of motion Is zero. Under certain cwundltions, 
therefore, two sots of waves may unite to form waves of doublo amplitudes ot 
the othor hand, they may mutually interfere and destroy each other. - Obvi- 
ously an indefinite number of intermediate eases lie between those extrutnen. 
‘What is true of tho waves mentioned is true also of sound-waves and of Wave: 
motion in L. A very simple case of interference was spoken of in con 
neotion with tho discussion of th waves earried tiy a long rope (Art, 316). 

ML Interference of Light-waves. — Interference phenomena can be 
‘most satisfactorily wtudied in the caso of light-waves. ‘The oxtremo eases iro 
‘a9 follows: If two waves of like length and intensity, and propagated in the 
‘same direction, meet in the same plus, they unite to form a wave of double 
intensity (doublo amplitude). ‘This, ne stated in Art. $16, will eauso an ite 
croase in tho Intensity of tho light..” If, however, the waves differ in phnso 
by half a wave-longth, or an odd multiple of this, thoy interfere and extinguish 
each other and no light results. For other relations of phase they rd also 
‘said to interfere, farming # new resultant wave, differing in amplitude from 
‘exch of the component waves. In the above eases monochromatie light-witves 

ue tree assumed (that i thowe of like ligt). 
If ordinary: white light is used interforenoe 
2. ew Sp for certain wave-length may result with the 
fonsequent subtraction of the ding 
color from the white light and so give rise {0 
| various colors. 
‘$42. Ilustrations of Interference, — A 
simple ilustention is afforded by the bright 
colar of very thi ln or ple, a 
of oil on water, a soap bubble, and like cases 
~ To understand these, it is only necessary 10 
® remember that the ineident light-waves are 
Teflected in part from the upper and in part 
from the lower surface of the Slr or plate. ‘Tho rnye that are reflected foom 
the under surface of the very thin film (seo Fig. 585) having traveled a greater 
distance and with a different velocity will, when they unite with those ray 
reflected from the upper surface, show jn general a different phaso. For 
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some particular wave-longth of light this difference is likely to 
2 inl wavelength oF sate odd rails of tae mnoust slo (hal cires 
sponding eolor eliminated (assuming that ordinary white light is being. 
ured) and its complementary color will be seen. It is to be noted that 
phenomena of interference by reflection are sotnewhat_ com, 

fact that there is a roversal of phase (that is, 0 loss of half a wave-length) 
at the surface that separates the moditum of greater optical density from the 
rarer one, Hence the actual relation in phase of the two reflected rays, as 
AC; BD (wupporing them ofthe same wavelength) is Ua determined by the 
otardation due to the greater length of path traversed by BD, with 
the lose of a half wave-length due to the reversal of phase spoken of. As 
shown In the figure there arw also two transmitted waves whieh slay sterfore 
in like manner. 


A Jens of curvature, resting 01 surfe 
(Fi. Sry aad hence Sas eaiaek ou tee eoular tore or Oat 
momletalis igtis det er sed 


wr 
tng called Neston ring The dork, ———+-—=— 
rings, called Newton's rings, ‘The dark 


‘center is due to the interference of the 


"Tho light rings correspond to the distances where the two vats of reflected 
waves mect in the same phase, that is (noting the explanation above) where 
the retardation of those having the longer path is x half wave-length or an 
ould multiple of this (JA, 9, 1%, etc.), Similarly the dark rings fall between 
these and correspond to the points where the two waves meot in opposite 
phase, the retardation being a wave-longth or an even multiple of this. The 
ring are elover with blue than with red beeauso of tho smaller wave 
length of blue light. In each of the cases described the ring is properly the 
Intersection on the plane surface of the cone of rays of like retardation. 

Tn ordinary white light we get, Instead of the alternate light and dark ri 
doseribed above, n sories of bands, If the illumination was origi 
by sodium light the position of the dark rings indicates where light for that 
particular wave-length has been extinguisbed through interference, When 
White light is used the conditions in respeet to its component having the 

ve 
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‘80 general that the effect of color is lost and white light, the so-enlled white of 
‘the higher orders, is shown 


Another most etistuctory Iustration of the Jnterteance of ight-wayes ix given by 
smeann of the difirtion gratings apokin of ja Art. 397. 


Other eases of the composition of two systems of light-waves will be con- 
aidéred after soene remarks on polarised lget, 
‘$43, Polarization 


1 


he. repre: 
sented by the arrows, 2-2, y-y, and 2-2, 

When this ray strikes the polished surfs "at it with vibrations parallel 
tana wil be roloeled aloeg bc and other vibettunes seat te sn see 
n $0 that the will be largely 


my 
In & similar manner the light having 2-2 vibrations will entor 
substance sa 


“ite clear the bet 
i as tant tat bere te lig of reed a 
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from 1 polished and iransparent surface is not complotely polarized but there 
Js an angle of incidence for every substance at which the amount, of polari 
zation will be at its maximum, “This will happen, as illustrated in Fig. 559, 
‘when the angle between tho reflected and refracted rays AU and AC equal 
90°. Th is evident from.» con- 
sideration of the figure that the 
tangle ris the complement of ¢; 


hence tho form SE? = mbe- 
comes in this case 


ins tani =n 
ont 


‘This law, established by Brew- 
stor, may bye stated iis follows: 
The angle of incidence for 
marimum polarisation isd sible Lame 
Fea I eons, cca omnes 
of tion of the hing au For crown his angle iv about 
Geo Fig, 650), Te light suffors repeated reflections from a series of this gli 
Ate, the paariation is tno complet, though ite intent Is weakened 
etalicgurtaco polarza the light. vor slighiy, 
#45, Polarization by Double Refraction. — When light in passing through 
« eryatalline modium is doubly rofraoted (Art, $88) or divided into two seta 
of waves, is alwaya trv that bolls are completely polarize and in panos 
AU right ‘angles to each other, ‘This subject ean only. be satisfactorily ex 
plained after a full discussion of the properties of anisotropic corystalline: 
Tmedia, but it may bo alluded to here sinco this principle gives the most satis 
factory method of obtaining polarized light. For this end it is nocessary that 
‘ono of tho tio wavesystemm should be extinguished, 9o that only that ono 
dlue to a xingle wit of vibrations is transmitted. ‘This (s accomplished by 
fhatural absorption in the easo of tourmaline plates and by artificial menns in 
ie a ign Absorption, — Light passing through 
it = it ing throug 
PE Ree Apo mane ope nat pi 
fooing out parallel to the vertical crystallographic axis — will bo almost 
‘completely polarized. ‘This eun bo easily demonstrated in the following way. 
Select floor surface, or « table top and stand in auch n position that 
light from x window is reflected! from the polished wood to the eye, Look 
A this reflected light through the tourmaline section, holding i¢ first with the 
direction of tho ¢ erystil axis in « horizontal position and then turning the 
section until the © axix becomes vertical. The light passing Into the tours 
Tmaline section is in considerable part polarized through its reflection from 
the wood surfuee and possesses a horizontal vibration direction, It will be 
noted that when the ¢ axis of tho tourmaline ix horizontal the section readily 
thinazuits fight but when tis axis ie vertical the section becomes practically 
Opagque.. The erystal structure of the tourmaline is such that light entering 
Wis broken up into two rays (ie, itis doubly refracted), one of which has its 
vibrations parallel to the ¢ axis, while the vibrations of tho other lio in the 
plano of the horizontal eryatal ‘axes, From the foregoing experiment it is 


the two sections are parallel to each other. In the second caso, all Hight Is 
cut off because now theso two vibration planes are at right a 


other, the light that did th tion he 
ier, tha get through the first section being wl 


347. Polarized Light by Double Refraction. —Caleite, us already stated 
in Art, 398, possemses in an unusual degree the power to doubly refract light. 
He ake lgvage block of lear ele (Lent yar) nnd lok at an ge 
through it, such a8 s dot or line drawn on a piece of paper, the il 
appear double. | Ifwe take. exrd and makein it » place the card upon 
‘one face of a cleavage rhombohedron and, looking through the calcite, hold 
it up ngainst a source of light, we will observe two bright dots. Now if wo 
Jook in the same way at the light reflected from a polished wooden surface, 
18 doseribed in the article, we will find that when 1 lino bisecting 
the acute nngles of the rhombie face of the cleavage block is horizontal one of 
these images is bright while the other ie almost invisiblo, If we then turn 
the block so that the line bisecting the obtuse angles of the rhombic {aco Is 
horizontal the first image will fade while the second. bright. Remem- 
ering that the light reflocted from the polished wooden surface i largel 
polarized with « horizontal vibration direction, it becomes evident from thi 
experiment that the two rays into which the light is broken up in passing 
through the caleite are polarized and that their planes of vibration are at 
‘eit naples to cach other and respectively biset the angles of the rhombic 
face of the cleavage block. As the double refraction of 
follows that the indices of refraction of the two rays show consid 
ences. This fact is taken advantage of in constructing a prism from calcite 
Hach a way ago bly clan eof thee ay ane no 04 oly the ober 
ray can come through the prism, polarizing t that emerges. 
‘The prism referred to above is called the Nicol Priem or viraply the micol, 
A full explanation of the nicol eannot be made st this time, as there would be 


these two rays are polarized, with vibration directions ns indicated by the 
double arrows in the top view in Fig. 560, In the construction of ni 
the top und bottom surfaces of au cleavage rhombobedron are 
and #0 that they make angles of 68° with the vertical edges. "Then 
the block is cut in two the diagonal a-f, as shown in Fig. 561. These 
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ray ¢ passes through tho 
almost no deviation from 


different. way und that the above state- 
ment concerning the plane of vibration 
of the light emerging from the pris 

true, Tt is le 


tal, thus corresponding to tho plano of 


wibation of the reflected ight, 
Polarizer, Analyzer.—The combinntion of two 


niole, or other polriaing contrivances, between which transparent mineral 
Sections may be examined in polarized ligt is called, in genoral, a polariscepe, 
the common forms of which are described Inter. In any polariscope (he lower 


Nicol Prin 


Plane-polarized Waves. Interference — 
‘Whon sections of doubly refracting minerals are examined in Light 
cartaln interference effects aro commonly obtainod that aro ‘great impor 
tance a aicwn fa Arts 247, callie is estar as lsd 
Inrizes the two rays and in plines that aro at right angles to each other, | In 
seer, this e truo of sections of doubly refracting mineral, ‘Consider, then, 
what takes place when a genoril of a doubly refracting mineral is 
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in a polariseope between the polarizer and analyzer the planes of vi- 
[osreny ghrp Yped mt pperiirek In Fig. 562 let the reo- 
tangulur outline represent such # section. ‘The double arrows marked o and ¢ 
show the two possible directions of vibration of light in the section. ‘The 
direction PP’ represents the plane of vibration of light which emerges from 
the polarizer below and A’ shows the diction in whic light must vibrate 

n it emerges analyzer above. 
the direetions @ and ¢ are taken i 
The light that enters the section 
direction P-P’. Tt enters the mineral section and must vibrate there us the 
ray labelnd ¢. ‘There will be no ray in the mineral vibrating parillel to the 
direction ¢, as & vibration to 0 cannot be resolved into another at right 
angles to it. The light will leave the section, therefore, still vibrating 
to P-P’ and enter the analyzer above. It will, however, be entirely reflected 
in the analyzer at the layer of balsam since only light vibrating parallel to 
ws 


A-A’, which in nt right angles to PP", enn emerge froma the analyser, Cone 

gaan, when ich mci has te lanes of iran paral to how of 
larizes analyzer, Appear. fc. same reasonit 

halds true when the setion ia turned toa pation at from the et Cee 


riscope. At auch ponitions the xction te sald to be extinguished” 
At ion is said to lished. 
Pren peadiin anal Kapweas wien tho ‘Vibration directions of the seetion 
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tabelod P and P? in Fig. 50421 will be absorhed by the ana'yner but the 
marked A and A* will enenge and meet tho eyes "cecton itso 
therefore, will be illuminated,  Consoquently the section will be illumi 

inal posible potions i whi sh dren of uration of the light in the 
Itineral roake inclined angles with the dirvetions of vibration of the polarizer 
find analyzer, X( iy easy to prove that this iumination will be nt tts maxt- 
frum when the angle between the directions 0 and.e und AA” and PP? is 
Yor In addition to being illuminated, the section, if Uhin, will also be eolored. 
‘This interference color, as it is called, of mineral sections when examined In 
f palariscope, now nedds explanation. 

“The amount of refraction which aby ray of light puffers on entering,» 
iiinoeal depends upon two things, namely, (ho anglo of incidence at whieh tho 
Tehtenters and the index of refraction of the mineral, In the ease of « doubly, 
Peoteting mineral wo have n light-ray entering, tho section nts given angle Of 
Treldones und thon beitig broken up into two polarized rng which hava differ 
Ont angles of rofraction sand ao travel different paths. Consequently’ the 


Quarts Weder 

indices of rofmuetion for those rays munt be differont nnd from this it follows 
that the two rays must have different velocities and will therefore emerge 
frou to minora in dioront phases, Light-wnwrs having diferent piers 
viii « greater or Kes degree interfere with encl other and in enae of Hight of 
Certain wave-length, i, light of some particular eolon, the interfereman may 
end to extinguistimont of that particular ‘wave-length. If one particular 
velar ie subitrncted in this way from white light the result will bo te produce 
‘the cofiplementary: ‘color and under such conditions the section will no: 
see caine but colored, ‘The color of thin section of minerals when seen v 
Rho painracopy i hniowit na thoiednlerference color. To develop this wibjoct 
Pe reerre hill be made of an scosaory of the tleroacope known as the 
Quarts Wedge. 
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this direction is that of the ray which is propagated with greater velocity, 

Some wedges are cut with their longer direction parallel to the vertical axia 

of quarts, and the arrow in this case would be marked Z 

ieates that this is the direction of vibration of . 

Utely essential that the optical orientation of the wedge be known, 
quarts wedge furnishes » prismatic section of thi 

of known orient aloe gost sate ie tel fo stay the efoot, polarized light 

‘on plates (short sections af the wedge) of 

‘simplest form of polariscope, a combination of polarizer und analyzer without 


quartz with its X direction parallel to the plane of vibration of the 

polarizer, light in entering the quartz will vibrate parallel to the X 

Missi day rai Snaneng ia plane of vibration wil paat throug the 
i i 


bands upon a yellow field. The number of these bands will depend upon tho 
Trg for this 


to i 

‘on the atrip of paper the position of each band, as illustrated in Fig. $65 2 and 
umber them, starting at the band nearest the thinner end of tho wedge. ‘The 
number 1 band marks the place where the faster of the two rays, into whieh 
the quarts breaks up the sodium light, ls gained exactly one wave-length in 
ite over the slower ray. At the point marked 2 the gain is two wave 


ths, ete, 

ing the phenomenon juat described, reference ia mude to 
566 in which it is axeumed that P-P" 

4s the plane of the analyzer, and a quartz wedge is between them at such at 
aanglo that the direetion of the vertical erysial axis lies parallel to C-C'. If wo 
explain the action of light in the wedge ina purely mechanical why we may say, 


the wedge be represented in the figure by the line O-p. "The vi 

likened fo that ofa pendulum, swinging back and feet fret if the 
impact, or disturbance, of an ether particle is communieated to the ether 
particles of the ‘when it is at O at the middle of an oscillation from 
P to p’, there will result two disturbances, ane to r parallel to C-C" und the 
‘other to 4 at right sngles thereto. ‘The amplitude of the vibrations repre: 
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4 objective, and illtiminate with ordinary light; place the wedge in tho 45° 
position and focus on that part of It opposite the first line drawn on the paper 
Trip. The field will show at its center a blue eolor, about at the point whero 
iti beginning to merge into red, A moment's consideration will indicate 
‘what this color really is. Ibis a mixluro of all eolors of the spectrum except 
Jello. ‘That this is the case ingy be proved by analyzing the blue by means 
Uf a small direet-vision spectroscope. ‘This will show & spectrum through 
Which runs a dark hand between the red and green, that is, where the yellow 
would normally nppear, ‘The blue of the wedge nt'this point is therefore the 
complement. of yellow, which has been made to disappear by interference, 
Next focus the microscope on the wedge opposite the second line. Hera the 
‘olor will be nearly a sky blue, with perhaps 9 tinge of green. Upon analysis 
wih the spetzoacope gain ar and wl be ound inthe glow thi tine 
thio to interference brolight about by a difference in phiuse of two wave-length 
for sodium light. . Proceeding next to opposite the third Tine the color will 
be found to be & light green, which on analysis ahows & band where yellow 
should occur and a Teepe ‘shortening ofthe spectrum, espoeally by cute 
ting off the extremo blue nud violet. Opposite the fourth line the color would 
bern very pale greet which upon analysts with the speetrmrcope would sow 
tio dark bands, ane in the yellow and another in the blue, ‘Che pate green 
calor it therefore de to a mixture of red green, and violet; "If, in the original 
Experiment tho wedge hud been Uluminaled by a monochromatic blue light 
it would bave been found at the thicker end of the wedge, sehare tho fourth 
Dand for yellow light waa located, there woakd have beon « fifth hand for the 
blue light. Consequently the interference golor at this point of tho wedge ix 
oqiivalent to white ght from which both yellow and blue have been sub 
Tracted, ifn wedge of extra lengtts was ayailhble for study it, would have beet 
hoted that opposite the eghth band for Hodhum light the color showing, when 
ihe wedge i studied in the polarizing microscope, was white, ‘This upon 
fnalysis would show spectrum eroseed by bands in the red, yellow, groen, und 
blue, in other words, In Lraversing the thickness of tho quurts nt this pointy 
the faster ray has gained for rod seven wavelengths over the slower ray, for 
Yellow eight, for grven nine, for blue ton, ‘Tho white polarisation effect 
‘eon when looking at Uhis point with the microscope is known as white of the 
Ttigher onter, It isa mixture of tho reveral primary colors of the spectrum, 

sci porios of al of whi are presen ‘aod combine to give the effect 

white, 

Tt le important to study carefully the polarization colors of the quarts 
wedge under the microscope, using Fig, 670 as 0 guide. twill be noted that 
The colors poour in general in tho following order as the thickness of the quirts 
increases: violet, bine, green, yellow, orange, ted. "Thin sequence uf colors is 
repeated quite distinctly three Limes wnd then us the thicker end of the wedge 
fx approached the eolors become fainter und not so clear. “This series of 
inteHlerence colors is divided into orders ws indicated in Fig. 570. "It is to be 
noted that at the very thin end of the wedge before any interference can have 
taken place the color is white, Also the thicker end of the. wedge is white 
because here there is an overlapping of the various points of interference of 
the different colors. ‘The thickness of the wedge at tho different: points: ia 
given in millimeters in Fig. 570, 

360. Sensitive Tint. Among the ueceswories of the polarising mlcro- 
scope ie a thin plate of gypsim mounted between two plates of glass Tt ie 
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commonly marked 8. T, and also with an arrow marked either X (a) or Z (¢), 
indicating reapecti ‘the direction of vibration of the faster or slower ray. 
this is plus on the microscope stage in the AB postion with the nica 
crossed, the interference color shown is reddish violet, the sume as that 

to the red of the first order of the quartz wedge. ‘Tt is an interesting experi- 
taent io fist pu uaa wed ue tho mlrosope ad oes om he re 
violet, just beyond the red of the fest order and thee aover ie wits the sere 
tive tint arranged in such a way that its X direction is at right angles to the 


cE a 
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Toteeforeace Colors with Quarte Wedge 


X direction of the quarts ‘The resulting color will bo gray. Tho 
‘explanation of this is simple. ever gnin the faster ray hud made aver the 
slower in passing through the quartz has been overcome or totralized by 
Bracing through slayer of gp of opp opin! erentation ued of au 
thie thisknee to procuoe the sume inferteeace no tho auarte the cats 
Sennitive ‘Pint 's given to this gypsum plate becatise 0 slight inerease of the 
‘double refraction which It shows will give « biue color wile a corresponding. 
alight deconee wil ehange the ear to yellow, Numerous uso of the sal 
tive tint will be xiven in subsequent articles, 

861, Interference Colors of Mineral Sections. — Tho interference colors 
of mineral setions depend pan Ue things 

1. On the strength of tho birefringunce of tho mineral, of in other words 
‘upon the amount of double refraction that tho mineral shows. ‘Tho greater 
the birefringenco the higher the order of interference color, the othor influent. 
Sng factory remaining constant, 

2, ‘The thleknose of the section. ‘The thicker the asetion the greater will 
be the nmount of double refraction and cousesjuently the higher the order of 
the intarfrece ir. nation othe grat 

3 w crystallographic orientation of the section. us will 
Inter when the optical sescerr a ie ane see erystal systems aro described. 

362. Determination of the Order of the Interference Color of a Mie 
‘eral Section. — It ig often tmportant to dotermine to which order (see lual 
Paragraph of Art. $49) the interference color of a given section belongs, Tf, 
itofin the ci eto hm awh len wee he 
ssuccessive bands of color shown there ean be counted and the order of the 
color of the surface of the section determined. In other words the order of 
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th eck oun A inh se ay an noo he. me rade fe if 
‘as described below. 


section showed an interference olor of orange 
red und it was desired to ascertain whether this color to the first or 
second order. Under the microscope with crossed position of 
extinction of the section and then tura it upon the stage of the microscope 
ing this the vibration directions of the section 

they make angles of 45° with the vibri- 

Then insert above the section 

and below the anniyaer » quarts wedge, the optical orientation of which is 
known. The thin end of the wedge always be inserted first. A slot 


runni tious ‘the microscope tube just above the objective and making 
an 45° to ji 

Under these conditions there are two possibilities. Either the optical 
orlentations of the section and the quarts wedge agree; ie. the X direction of 
the section Is parallel to tho X direction of tho wedge, or these i 
iro at right angle to each other. ‘The effet of the introduction of the wedge 
above the section will be either to increase or decrease the amount of doubl 


refraction of the light due to the mineral section. If the double refraction is 
increased, the optical effect will be.as if the mineral section had been thickened 
and in this ease its interference color will rise in its order. On the other hand, 


if the double refraction of the light is decreased by the introduction of the 

juarts wedge the effect will be as if the mineral section had been thinned and 
the interference color will fall in its order. In the first case the red interfer 
chica color of the section would be ehanged as the wedge is pushed in, first to 


to yollow and green, Arrange the section, therefore, so that upon. the itro~ 
Aluction of the quarts wodge the interference color will fallin its order. Then 
gradually continue to push in the wedge, noting the successive colors that 
‘veour as the nmount of the double refraction is decreased. the point 
Will be reached where the thickness of the wedge will give practically the sane 
‘rvount of double refraction as the mineral section. The two having oppo- 
site optical orientations the result will be to eliminate all interference and 
gray color of th first order will result. When this condition arises the quart 
wedge is atid Lo compensate the mineral. By noting the succession of colors 
that oecurs until this point is reached the onder of the original color of the 
G8. Deterainaon af of Birefringence. —The biref 

5 of Strength 7 jirefringence, 
or amount of double refraction, varies with different minerals, It is expressed 
numerically by a figure that i the difference between the and least 
indices of refraction of given mineral. In the ease of ‘or instance, 
the index of refraction for one ray is 1-486 and for the other is 1-658, ‘The 


der the microscope. The onder of the interference colar of section, as stated 
in Art. 361, varies with the thickness of the mineral, its erystallographio ari- 
entation nnd the strength of its If ibe first two factors are 
Khown the birefringence can be estimated by noting the interference color of 
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Determinstion of the Strength of Birefringence (after Viren and Robinson) 
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consists of a wedge of quarts placed on top of a plato of quarts, the two ha 
‘opposite optical orientations, #.e, the Z direction in the plate being paral 
to the X ‘in the wedge.” ‘The thickness of the plate is intermediate 
between the thicknesses of the two ends of the wedge. At the point, 
fore, where the thickness of the wedge equals that of the plate, there will be 
fn dark fine showing compensation when the combination ix placed between, 
Scone cola, “This point a marked seo on th mal engrave! othe 
When the wedge is placed above a mineral section, this dark line will be 
by a distance proportional to the birefringence of the mineral, ‘The 
(ter ean then be read directly from the scale engraved! on the wedge. For 
{ dotailed description of the various wedges and compensators used for this 
the ‘must be referred to mare special text-booke.® 
Determination of the Relative Optical Character of the Extinc~ 
tion Directions of any Section of a Doubly Refracting Mineral. — It fro- 
mently becomes important to determine which of the two rayw of light in a 
Toubly refracting tnineral is being propagated with the greator or less velocity; 


j 


in other fo\dotermine which of the two directions of vibration gorm= 
sponds to tho X'snd which to the Z dirvction. Place the given section under 

he microsoope with the nicols crossed. Find! » position of extinetion and then 
turn the section through an are of 45° 90 that its vibration directions make 
that angle with the planes of vibration of the nicols. If the section in this 


of the gradual introduction of the wedge above the mineral will be to slowly: 


If the section originally showed & color of the first ordor and the wedge was 
introduced in the opposed position the effect would be to easuse the color to fall 
rapidly to gray of the first order. ‘The optical effect of the quarts wotlge 
‘would this quickly compensate that of the section. From thia point 
the quartz wedge is pushed further in, the optical effect of the wedge will more 
‘and more preponderate over that of the section and the interference colors will 
how appetr in ascending order. Under theso conditions, if the first effect of 
the quarts wedge was overlooked, wrong desiuction would be made. It is 
alway best to repeat the test with the section rotated 90° from Ue first posi~ 
tion. "The two results should be of opposite character and ao serve to,con~ 


uently thick section of mineral will show a tapering edie some- 
where which will show bands of color, When the quarta wedge is introduced 


Soe Johansen, Matnual of Petrographic Methods; Wright, ‘The Methods of Petro- 
sruphio-Alcroseopié Research. 


e 
: 
Ha 
i 


similar optical directions of the section and the sensitive tint coincide the 
ceffeet will be to raise the color of the sensitive tint. (red of the first order) to 
blue, On the other hand, if the optical orientations of the two are opposed 


the eolor will fall to yellow. This test can be made to advantage only when 


the composition of these two systems results in m ray of circularly polarize 
ant Bee expressed, this is o ray that, looked ar ends wold wo 


ted by ether-vibrations taking place in circles about the line of 
(ratumniaeton. From the side, the onwanl motion would be like that of a 
screw, and either right-handed or left-handed. 

‘Tf, again, two light-rays meet as above described, with a difference of phase 


Tyla eras 4 sey refracting medium of the propor thickness (eg., a mica 
polarizer, If the thickness is such as to give a difference in phase of {X.or 4m 


tically polarized. 
366" Rotation of Plane of Polarization. —In the ease of certain 


ns which take 
‘rae light — but in circles; that is, each ray is circularly polarized, one 
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plane-pol light fall upon such n medium (sasumiog AS simplest cant sa 


Jography. In mineralogy, this subject is most Important with the eommon 
‘fe 


apecies of quarts, of 
ATscussion of itis postponed to n later page (Art. 402), 

‘367. Abs Interference Colors.— Certain factors may at times 
modify the interference colors shown by a mineral section #0 a8 to. produce 
baormal effects. ‘The most common of theso is the natural color (ar ab- 
sorption) of the mineral section itself. If this ia strong, the interferenes eolor 
may be considerably changed. Certain minerals may show quite different 
birefringence for different wave-tengths of light, In some eases, 
may have practioally zero birefringence for s certain color and therefore that 
particular eolor will be licking in ite interference colors. Further, in yome 
ses the vibration directions may be considerably divergent for light of 
Varying wave-lengths, ‘The section might therefore be at the position of 
extinction for ane color when other colory could come through. In there 
‘various ways abnormal Interference eolors may be produced. 


OPTICAL INSTRUMENTS AND METHODS 


358. Measurement of Refractive Tndices. Refractomater. — For, the 
determination of the refnetive indies of crystallized minerals various methods 
fare employed. The most accurate results, when suitable material is nt hand, 
miny be obtained by the ordinary refractometer, This requires the observ- 
tion of the angle of minimum deviation (6) of a light-ray on passing ‘through a 
prism of the given material, having # known angle (a), and with its edge eut in 
the proper direction. ‘The measurements of ee and enn be made, with an 
ondinury refractometer or with the horizontal yoniometer described in Art, 
236. For the Intter instrament, the collimator ja made stationary, being 
fastened to n leg of the tripod sipport, but the observing telescope with the 
verniers moves freely. . Further, for this object the graduated citclo is clamped, 
Ind the serew attachments connected with the axis carrying the support, aad 
the vernier circle anid olwerving telescope are loosened. Light from a mono- 
chromatic soles pues through an ppropriate alt. und an image of this is 
thrown by the collimator upon the prism. With a doubly refracting substance 
tivo images are yielded and the nogle of minimum divistion must be meaxured 

* Of the. two possiflie clases | eryntals, the following eleven may be charac 
terol eget hon Cle yp ag 1 805 18) 1p Bs 
AO, 1B; 25, ps £205 24, ps ABH; Bt, pe 18S; 2B, p. 1905 32, pf 


Y 


286 


atti] Et REECE hoe wh Hite! a 
1 pease ie ter 
neuen ules dnl Hoo ail 
a lf HEU 
aT AL 
Hoi HBR 
age 4e) rat ists 
Heeb i He 
ithe HEL 
Bn La 
ms apes 
Dane Hit ‘ti Hi 


CHARACTERS DEPENDING UPON LIGHT 267, 


desired refractive index is obtained directly from the value of the measured 
critical angle, The post carrying the glass hemisphere may be revolved in 
‘the horizontal plane and the angle of rotation messured on the seale K. ‘This 
permits the measurement of indices corresponding to different vibration direc 
Yions in the mineral, is an eye lens which in combination with the other 
‘makes a low power microscope, which is used in the pre- 
in order to center the mineral plate, ete, In the tube A 


top of the instru- 
ment. The instru- 
‘mont is #0 held that light enters at the forward end, and the totally reflected 
Hight is sent by mesns of an inclined mirror to ‘the eyepiece. A seale is 
in the instrument in such way that the ‘between the light and 
tla areas le seen superimposed upon it aod vo yields direatly the value of 
‘the refractive index. For rapid and approximate determinations ‘this instru 
met Semaline Te A very simple form of f 
Surmaline Tongs. — A very simple form of platen for ome 
Negping cht. is shown in Fig, 574; it is convenient in uso, it of limited appli- 
cation. the polarizer and analyser are two tourmaline plates such a 


"ve common, forms of polaris 


Conoscope. 
ying niool prisms are shown in Figs. 675 and 876.* Fig. 57! 
These figures are taken from the catalogue of Pues. 


represents 
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the instrument arranged for converging light, which is often called a 
ono 


cope. 
‘The essential parts ure the mirror S, reflecting the light, which after 
passing through’ the lens ¢ is 
pane the prisn p. Tt 
then rendered strongly can= 
verging by the system of lenses 
rin, before passing throvgh 
ths ween ene eatin 

onn plate nt k, Thi 

plate can be revolved through 
any angle desired, measured 
onitscireumference. The up- 
per tube contains the eouvers- 
ing system oo, the Tens f, and 
tho snalyzing’ priswy g. "The 
arrangements for lowering or 


raising the tubes need no ex 
planation, nor indoest the spe- 
cial devices for setting the vie 
Dration-phanes of the nfcols nt 
right angles to each other. 
om 
= 
-—s 
1+ 
2 \s 
q 
a 
Es 
” 
a 
= 
‘Conomope Palaracope olaeoope (ni tural ine) 


‘The sccompanying tube (Fig. 576) shows the arrangement for observa 
tions in parallel light, the converging lenoes having boen removed. 

Fig. 577 represents in eross section » simple, inexpensive but quite efficient 
form of polariseope. ‘The polarizing device, P, is in the form of two or three 
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thin glass sheets, the buck of the bottom one being blackened, ‘These glass 
angle to secure the maximum amount of 


Theopening in the stage by means of the standard S. A double perce of lense 
Pic ohee pineed upon i stage of the instrument and 40 convert Wt lato a 
‘vanoscope. 

OPS olarization-Microscope,— The investigation of the form and op- 
tical of rrinerala when in microscopic form has been much facilitated 
by the une of mleroscopes™ specially adupted for this purpose. First ar 


‘etrographleal Micros etrograplal Mero 
inant Mal ac caro Sty Hc a 
Tromt, ¥ actial won) nb, tac ze) 


ranged with referonce to the epécial ntudy of minerals ns ween in thin sections 
aeeria they have now been so elaborated as lnrgely to take the pluce of the 
Chicr optical instruraonts, They not only allow of the determination of the 
Optical properties of minerals with greater facility, but are applicable to many 
cages where the erystals in hand are far too sinail for other means. 

A highly serviceable microscope is the Laboratory Model mode by the 
Basch Ay Lomb Optical Co, nnd iusteated in Fig. $78. The essentiul 
detagementa Of this tstrument are as follows: ‘The eyepiteo at A, whieh is 
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removable, contains the crosshairs with an eye lens adjustable for 
pon them, At‘ isa Bertrand lens that slides in and out of the tubo, with 
fn iris diaphragm immediately above jt. At C is the anilyzer. box which 
Slides in and out of the body tube. This prism may be rovolved through a 
uurter turn, Dis. slot in the microscope tube with a dust-proof shutter for 
tpotnresetion of varia noe us a tho quar weg, ot,” ACE 
the tosepivce which ean be eontered by the two screws which work at right 
‘angles In the N and E positions. ‘The objective F is hold in place by a spring 
clamp and is quickly detached, ‘The stage, G, revolves and carries a scale 
rule into dogresy, the attached Vernier permitting the reading of angles 
to one-tenth degree, ‘The substage at Af carries Tena i 
plragand the plaring prim, Te ean be moved upward and dowaward 
Wy means of a acrw-head ahd whew at is lowest point eats be sprung to one 
rit, out of the optical axis. ‘The mirror at J js adjustable nnd has both 
plat and w concave surtce, ‘The coarse fousng adjsiment i at J, wile 
milled head nt. K provides fine ndjustanent by means of which n vertical 
movement of 00005 mm. ean be read, 

‘363. ‘The Research Model of the Bausch and Lamb microseope is illus 
trated in Fig. 579. This invtrument ix patternod after one described by 
Wright to whose papery reference is made for a more datalled nooount.. ‘The 
utatanding features of the instrument may be briefly summarized as follows: 
Ithasa body-tube within which are always contained the analyzer and 
the Tens, both when thoy lie iu oF gute the optial axis of the micro 
scope. ‘Tho two'njoola may be connected by means of the upright bar and 
Fotnted simultaneously through an ure of 9°. This enables the menerement 
‘of extinotion angles, éte, 10 be made Without the necessity of revolving the 
‘tage and the consequent difficulty in keeping the mineral grain under observa 
tion exactly contertd in the fold. This bar eartien vorniers that liy against 
the scale engraved upon tho stage ao that Ue angle of rotation of the sical 
cean be accurately measured, "The polarizing prism. can be entirely removed 
from the optical axis. A revolvablo carrier for a sensitive plate fe attached 
to the iris daphragn mount of the substag. 

Tt should be added that a number of different makes of petrographic 
microscopes, all excellent, aro available. In the easential churagters however, 
they do not differ materially from those described above, 


GENERAL OPTICAL CHARACTERS OF MINERALS 


364. ‘There are certain characteristics belonging to all minerals alike, 
crystallized and non-orystallized, in their relation to tight. ‘Theo are: 

1. Diasnaxerrr: depending on the relative quantity of light transmitted, 

2 Coron: depending on the kind of light reflected or transmitted, na 
determined by the seloctive absorption. 

3. Luster: depending on the power and manner of reflecting light. 


1. Diarwaserry 


368. Dorrees of Transparency. The amount of light tant by 
1 solid varies in intexsity, on, in other words, more or less light may: be 
sorbed in the passage through the given substance (see Art, 336), ‘The amount 
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of aborption ax minimum ins traneparent sai asiem hile erenes 
‘terms are adopted to express the 
ifferent degrees in the power of transmitting light: 

‘Transparent: 


‘when the outline of an object seen through the mineral is 
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the light ordinarily employed is essentially white light, 
hon ty expel Mee muotialve cole 
* depends upon the selective absorptic 

Upon the light transmitted or reflected 
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Sad) Varieties of Color.—The following sight colors were sslected by 
‘Werner an fundamental, to facitate the enplosment of the charscies 
the Tainerals: while, gray, black, Blue, groom, yellore, red and 
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(a) (The aston of Meraueze Cova reunite rena 
1 Copperced: native, copper, — 2 


ar th variate of Noxcuxrauase Covams: 
ai. Graph al tr a i rae Getah 
ie lei Aah: white slaty ih me cnc 

. ers inet we Peark-gray ray, msn 
with red and hug; cortgyrite 23. Amobeegro gray, with same’ brows) hint 

Ft oa SU wine acne 

Sf coe ote 
i “rion backs inc, tale with ry (wie ern’ Woes ee es 
nh Dasalt; Lydon Mone--2. Wattedlok: "pie Tacky ase eee 

‘eensh ck me. 4 irooth ek rw ane elt 


Ty Blacioh tue: dat yatta of wrur ve: clear shade 
pc les pale eee of aut, bright ware | ig Witte ha, 
lx red; amethyst, fluorite, — i ith sume red and muc 


may. 8. scare ia, ie Bern tive: pare or spire nite Sabie 

‘tome vane ‘nine Bue, feeens, blue tourmaline, 

=. Skyblues i, with 9h gota ita callet sanunials ese painters 
fn a ith pap sit fe an ey 

5 ny with blue and gray sen, C 

‘te color of the leaves of the velandinn A Atountas teen ith meh bet 


aryl A" Leck-greon pron, with pote Leon the eal of ostcs ot gare intinelly 
in, peas m Canoty of tunity Herukdqrean’ pare deep ren enverids = 
raps Ah dren With me yelie; Spee este ght 
‘rth tore yellows wm dtlages——'8 Pst ‘re with ane 
Riva" opidote == franuegri. jae ue, ‘ne ‘alow “alae ane 
atin eto Black Wie Ine Th Olean cen with anh, 
mr at yellow; chr fie — 140 Ki pee: ithe sro wea A, pitehmane. 
2 Iearern: hich tnefining to yellow, 
yer Sulphur: hur 2” Si in 


srayiah el 5 aphalerite, opal. 
etek With some res! and ‘brown; ealelte, ~~." Lan stulphiit, orpument, — 
inate ‘illo, with Drown ‘ocher, — 7. Wi tops nt 
ms ne arr of Ea eos se 


ioe 
ai. Sepeot d sea th some blue and raw 


nay sae jagper, 


—2 Clocebroen: brown, with ret 
fon ipa lh girder, th 
‘lth ren 


"Blasio soe! nantes toa owe cal 
Various attempts have been made to eluify color ore rigidly si that 
‘one color could be compared with another with a fair degree of nceurney. 
‘The most comprehensive and best attempt of this kind was made by Ridge 
way, who gives over one thousand different tints arranged in x logical order.” 


** Robert Ridgewuy, Color Standards nd! Nomenclature. 1013. 
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3, Losren, 


970. Nature of Luster. —Tho luster of minerals varies with the nature 
of their surfaces, A variation in the quantity of light reflected produces 
different degrees of intensity of luster; @ variation in the nature ‘of the reflect 
ing surface produces diffetent kinds of luster, 

‘ST, Kinds of Luster. — ‘The kinds of luster recognise are a follow 

1. Merauite: the luster of the metals, as of gold, copper, iron, tin, 

Th general, © mineral isnot said to have metalic luster ness i  opaaue 
in the mineralogical sense, that is, it transmits uo light oa the edges of 
gplinters,  Somo minerals have varieties with metallic and othens with non- 
Thetallie luster; this is truo of heraatite, 

‘imporfeet metallic luster is expressed by the term qub-metalti, am ilar 
trated by columbite, wollramite, Other kinds of luster are described briefly 
us Nox-anmrantic. 

2 Now-aterauutc. A, Adamandine: the luster of the diamond, When 
‘also sub-metallic, it is termed metallic-adamantine, a cerussite, pyrargyrite, 

‘Adamantine fuster belongs to substances of high refractive index. ‘This 
may be connected with their relatively great density (ad hardness, 9 with 
the diamond, also corundum, ete, or because they contain heavy molecules; 
thus most compounds of lead, not metallic in Iustor, have a high refractive 
index and an adamuntine luster, 

‘B, Vitreous: the luster of broken glass, An iinporfectly vitreous luster 
Is termed gubvitreous, ‘The vitzoous nod sub-vitreous lusters aro tho most 
common iny the mineral kingdom. Quarts possesses the former in an eminent 
degree; calcite, often the latter: 

. ‘Revinows: luster of the yellow resins, ne opal, and some yellow varieties 


rly is used. 
Ft ter bee tt ght roost froin pe of thin gluse plate; 
silly i in exhibited tang be 
ly separated! into stocessive plates, as on the baw plane of apophyllite, 
ia also shown fori like reason by foliated minerals, as tale and brucito. 

PF. Silky: like alk; itis Ube result of a Gibrous struoture, Ex. fibrous onl 
cite, Abrous kypeum. 

“the different degrees and kinds of luster are often exhibited differently by 
unlike fages of the mame crystal, but alveaya si by like faces. For 
cxainple, the basal plane of apophyllito has a pearly luster wanting in the 
prismatic faces, which have « vitreous luster. 


An shoven by al mootallio Hosters belong to face 

fectly fe index of the mineral 13-18 

‘the second, 1-2) 36, "The true difference between metallie and 
‘itronus lustet ls due to the effeet which the different murfnces have upon the reflected light; 
{in general, the luster e produced by the union of two simul ypressiona roade upon 
the eye. Uf the from a metallic auriace be wxamined by a nicol pris (or the 
dlarompe of ‘hak bottrrnys, that vibrating in the 
Slane of eidence "eral 0 ty fe lke, each, bavi he 

a ‘material, llintcys on the contrnry, 

bby a vitreous ibrations are at right angler to 
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having penetrated somewhat int the mein and milf some abmorp- 
Eel ro eis al "h plate of el gly thus ene wil tho 
fil eal nage Adumantine faster neces pelo etwec the ofan. 


of Luster. —The degrees of intensity of luster ure. classi 
electing with brianey and giving welllfined inges, na 
a? producing an image by ration, but not ope well-defined, a5 
ing: scorn ‘0 goveral reflection from the surface, but no 
fording inperféet reflection, and apparently from points 
ones si at tts tater as chalk, 


‘of Colors. Opalescence. Iridescence.— The term plai 
wae Bay 


fae, a8 paraetinm 


to describe the appearance of savers! primati colors ett 
‘succession on turning the mineral, tg gs Ih perfection tothe 
ony wh se os hgh high gud It Is also observed 
Itictacnal towels eatatet nalpl of laterferanee; inthis 


erie cape bes tye when each particular color 
‘expression change of colors is color appears 
to pervade a largor space than in the play of colons and the succession pro- 
duced by turning the Iineral is ess Tapld, “Th shown tn labeedorite, a8 
Pleancela x silly cr ly reflection from the Interior of 
Opalescence ia w tn lection from the interior of « specimen, 
CObeetved in some opal, nad [neat aye 
Tridescence means the exhibition ‘of priamatio colors in the interior or on 
the surface of a mineral. ‘The phenomena of the play of colors, irideseonce, 
gleam emetimes to be expan by the prance of laut fers crea 
in parallel positions; more generally, however, they are eaused by’ the presenod 
of fine oloavage-lamellin, in the light reflected from which interference takes 
lace, analogous to the well-known Newton's rious (gee Art. $42), 
MGTd. Tarnish.-—-A metallic miriacs ls tartished ‘when its color differs 
from that bland by fracture the ce wt specimens of bole. A 
face possesses the nel (acnich when it ‘a lue color 
Sempercl teal, as eolumbite: The tarulah la dried. when ik exhibite xed 
prismatic colors, aa is common with the hematite of Elba. ‘Those tarnish 
‘and irie colors of minerals are owing to 1 thin surface or films, proceeding from 
different sources, either from n change in the surface of the raineral or from 
foreign Inerustation; hydrated iron oxide is one of the most common soureedt 
of it and produces the colors on anthracite and hematite, 
ars Asien eas gia oa a a ae a 
light clang coal obtain cetits ta Becta ata ‘This is seen by 
Tight in the form of a sxrayed sar in spphite, and ta wel Sho by 
Wanted ight (of al ite) wih Si cain ek re 
‘Burgew, Canada. "In the former cage i a expla 
a taal ed eels Sar groans gro te 
Precnee of minute ta ‘which are 
Pera (reat a ae ees allas ee ten have 
‘arciflally etched also eonetimes exiibit aster “Tho peculiar light 
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{ar luster, 
ini 


the eavities) in the direction of solution-planes (see Art, 290). ‘The process 

bby which it has been produced is then called schillerization. 
377. Fluorescence. —The emission of light from within & substance 
while it ia being exposed to direct radiation, or in certain cases to an eleotrienl 
in a vacuum tube, is called fluorescence. It ix best exhibited by, 


‘ar to an electrical 
Fluorite becomes: 


heating, emit n yellow light; s0 xlso trenolite, danburite, and other species. 
"The Xray aed lra-Violet igh wil pret phospbersenes willemite, 
Yuet that willemite glows when exposed to 
fltmeviolet lieht ia mnde use of in testing tho residues from n willesaits ore to 
make eortain the separation has been complete. Radium emanations cause 
‘coriain minerals to phosphoresce, aa willemite and wurtzite 
Hxpoaure to the light of the sun produces very apparent phosphorescence 
with many diamonds, but sore speeunens acem to be destitute of this power, 
‘This property in most striking after exposure to the blue rays af the spectrum 
While in the red rays it is rapidly lost, A mixture of ealeiain. sulphide and 
Bismuth wil phospiorses form ‘considerable period after being © to 
sunlight. 

1 Triboluminescence and Crystalloluminescence, — Certain erystal- 
tigedd mibstances become lumingus when rubbed or scratched. ‘This property, 
Known as friboliminescence, is exhibited by some diamand Some 
wicintios of sphalcrte give off light when scratched, Light ls sometiznes given 
off by ‘subaiances in cryxtallising from & solution, ‘oxide, 
sO. isan example. ‘This property ts called erywalloluminescencs, 
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SPECIAL OPTICAL CHARACTERS BELONGING TO CRYSTALS 
OF THE DIFFERENT SYSTEMS 


880. All crystallized minerals may be grouped into (hree grand classes, 
whieh are distinguished by their physical proporties, as well as their goometri- 
eal form. These three classes are as follows: 

AL Toometric lass, embracing erystuls of the ivonnetrio system, which are 
referred (0 three equal rectangular tixes, 

B,  Faodiametric class, embracing eryataly of the tetragonal and hexagonal 

Teferrod to two, of three, equal horizontal wxes and a third, or fourth, 
As unequal to then a Fight sagles No thee plane Crystals of thi class have 
1 fixed principal axis of cryatallographio symmetry, 

C. ntacmetrie class, embracing the erystals of tho orthorhombic, mono- 
link, and rite synteny referred to threo unequal as 

‘S81. Isotropic Crystals. — Of the threo classes, the mommre class 
includes all orystals which, with reepoct to light and related phenomena involy= 
ing the ether, are isotropic (from the Greck, aignifying equal turning); that is, 
those which have like optical properties in all direetions, ‘Their distinguishin 
characteristic i» that light travels through them with equal velocity in 
irections, provided thelr molecular equilibrium ts» not disturbed by external 
presire or internal strain, If 1 be imagined therefore that light starts from 
‘point within an isotropic medium at a given moment of time the resulting 
Twnve murfaco will be « spiere. 

Tt must be emphasized hore, however, that such « crystal ix not isotropic 
with reference 10 those charuoters which depend directly upon the molecu! 
structure alone, 4 cohesion sand elasticity. (Soe Art, 280), 

Further, amorphous bodies, as glass nnd opal, which ary destitute of any 
orientated molecular structure — that is, those in which all dirvetions tre sansi~ 
bly the sumo — are also ixotropie, and ‘not. only with reference to light, but 
also as rogaeds (heir strictly molecular properties. 

862. Anisotropic Crystals; Ui ‘and Biaxial, — Crystals of tho 120 
prasorrio and axioMeraio crass, on the other hand, sure i distinction 
fenieotropic (trom the Greek, signifying wnegual turning). ‘Their optical pro 
erties ate in| general unlike in different directions, or, more particularly, the 
‘elocity, with which light is propagnted varie with the direetion of vibration. 

‘Further, in erystals of the isodiametsic clas that variable property of the 
light-ethor upon which the velocity of propagation deponds remains constant 
for all directions whieh are {o, oF agin, forall howe equally inlined 
to, the vertical cysialonapiiet ‘axis, In the direction of this axis ix no 
double refraction; it is hones ealled the optic aris, and the crystals of this 
lass re said to be wniarial. 

Crystals of tho third oF snisometrie eluss haye more complex optical rela 
tions reuiring special explanation, but in general it may be stated that in them 
there are always two directions asialogous in character to the single optic axis 
spoken of above; hence, these eryntale are sald to be optically biari 


5 


A. Isontermre Cuverans 
883. Tt has boon stated that crystals of the isometric system are optically 


Heotropic, and hence light travels with the sume velocity i every direction in 
them. Light ean, therefore, suffer only single refraction in passing into an 
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isotropic mediiim; of, in other words, there can be but one value of the 
refractive ind=x for a ‘wavelength. If this be represented by n, while 
7 is the velocity of light in air und v that In the given medium, then 


v v 
n=", o v=, 
v m 


‘The wave-front for light-waves propaguted from any: jint within such an 
‘medium is, a8 already stated, x sphere. The , therefore, may 

te taken to represent the optical properties of an isotropic medium. | Seo- 
tions of a apbere normal to any diameter will always be circles. ‘These cir 
tule sections with like radii in all directions correspond to the fact that the 


‘optical 

tothe line of light. propagation. Or, in othor words, light vibrations 
tthe, no Pras, OF ern of talon ie, the 
light Ls not planed. Purr ie velocity remains uniform no matter what 


‘ris susternent holds true ofall tho classes of isometrio crystals, In othr 
words, crystal of maximum symmetry, aa fluorite, and one having tho 
serad emamotry charncteristi of the tetrahedral or pyritohedral divisions, 
Fear clike the samo wotropic character. Two of the clases, howover, namely, 
aay Mchadral avd tho tetartahedral cles, difler in this particular: that 
cereale belonging to them may exhibit what has already been defined (Art. 
366) 1s circular polarization. 

‘Aad. Behavior of Sections of Isometric Crystals in Polarized Light. — 
Jn eonaqquance of their isotropie character, iomnetrie cryetals exhibit’ no 

scl plenomens in polarized light. As n saction of an isotropic substance 

ie eeyatal or some amnorphous material) has no polarizing or doubly 
Chroting effect upon light I dges not change nt all the character of light that 
react econ the polariaar of polarisoope, ‘Therefore thin seetions of iso 
trope matin when’ examined in. palace or polar mleroseoge, Wh 
Heri ls erossod will appar dark in all positions. In other words, they nro 
‘always extinguished. ‘when w colored mineral is examined without 
the noalyzcr there will be no change in ita color when the section is revolved 
wih te stag of the mre. ‘Some anomalies ure mentioned on a tater 
‘Page ‘d i 

riiie single refractive index of an (sotropic substance may be determined 
boy means of a pri (ose Art, 898) with Its edge ut in any direetion whatever. 


B, Usraxtan, Caverans 
General Optical Relations 
885, The crystallographic and of eal relations of ryatale belonging te 
the tetragonal ed hexanal jutting kav alreaty. been briefly suramaried 
(An. Saf); it now remains Lo develop their optical characters more fully. 
Phis can be done most simply by making frequent uso of the familiar con 
resent the charseter and motion of the light-wave. 


¢ 
& 
a 
; 
is 
3 


axial 
ertar teach other and which travel with diferent, velocities and 
aasetve different indices of refraction. One of the two rays derived 
from n single incident ray always vibrates in the plane of the horizontal erys- 
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tallographio axes. Tho other ray vibrates at right angles to the first and 
always in a. vertical plane that includes the vertical erymallogsphie axis, 
‘The optical character of u uniaxial mineral is uniform for all directions 

in the horizontal crystallographic plane und therefore the ray whose vi 
tious lie in this plane wil have uniform velocity no matter whut its direetion 
‘of transmission, This ray will therefore have a. single und constant index of 
refraction, commonly designated by w. Since this ray follows the usual law 
fas to the constant ratio between the sines of the angles of incidence and refrac- 
tion snd in general behaves in an ordinary way it is ealled the ordinary ray. 
‘oe ray which, vibrate in a plane that cud the vera! eryallyraphic 
tai wl have the dostion of ts beton coaanty e the dive 
Hon of ite h throu el and its velocity will correspond- 
ingly vary.” Its index of refmastion will therefore depend pon the direction 
fies propagation and it will pot io gseral obey the usual gine lame The 
ray ls therefore called the extraordinary ray, 

Wen lah travels in uniaxial mineral Ina distin mil to the 
vertic lographic i, since its vibrations must. tal in the 
Hain hiery iteteapforep racy ondinary ray with a single velocity 
and refractive index. ‘There ean be no double refraction of light, therefore, 
along this dircetion and in this ose the mineral will behave like an isotropié 
trubstance, This direction of no double refraction, coincident with the ver~ 
tical eryatal axis, it known aa the optic ait and aa there is only one stich direo- 
tion in this optical group the latter ig ealled uniazia. As spon as the direo- 
tion of transmission becomes inclined to the vertical erystal axis the light ls 
doubly refracted and aa the inclination increases the direction of vibration of 
the light of the extraordinary ray departs more and more from the plane of 
vibration of the ordinary ray’ with 1 corresponding change in its velocity and 
refractive index, ‘The difference botwoon the refractive indices vf the two 
raya becomes a mamma, whan the light pass through the mineral in « 
horizontal direction with the direction of vibration of the extmonlinary ra 

} to the vertioal erystal axis — or in other words as divergent as possible 
rom the horizontal plane, ‘The value of the refractive index of the extraot- 
dingry ray when at its.maximum difference from the constant index of the 
‘ordinary ray is the one always quoted snd is indicated by «. "These two indices, 
w and ¢, are called the principal indices of uniaxial crystal, A’ principal 
section unis erpaal fe section passing through the vein tis 
= Uni 


87. Postive and Negative Crystals — Uniaxial eryla are divided into 
vo eles, depending upon whether the veloely ofthe extrundiary ray i 
greater or less than that of the ordinary ray. ‘Those in which the ve 
Index of the ordinary ray, w is lew than that of the extraordinary ray, « 
(os <), are called positive, ‘This is illustrated by quarts for which (for yel- 
ww soins light): 
w= V4, «= 1553. 
On the other hand if eis less than w (e <w), the erystal is suid to be negative.* 
Calcite is an example for whieh (lor sodium light) 
wo = 1-658. «= 1486, 
Other examples are given later (Art. 391). 


= Tt will asst in remeanbering these relation to note that the fit yowel in tbe words 
‘positive und negative ngrecs with the symbol une for the saullee tides of Peltteion i 
Tach case 
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3 pram is employed ite edge should be 1o the optic exis, or in other 


polurized, the ordinary ray vibrating in the horizontal plane aud the extruor- 
dinary ay. vibeating inthe plane, ie, parallel to the edge of the 
prism, ‘plane of vibration of each ray must be determined by the use of 
a nicol held in front of the eyepiece of the refractometer, When the 


plane of the nicol is horizontal the is Telonging to the ordinary ray wil ba 
Pec ailhen the plane of the nied vertical only that of the extraord. 
sary ray wil BeAr, Tu this way the indiees of the two rays are determined 

‘the positive or negative character of the mineral is esta Tt is pom 
ble to obtain these measirements in prisans with different crystallographic 
orientation but the difficulties attending their preparation are so great that 
‘uch prisms are very seldom used. 

If the method of total reflection is used a single plate will suffice, provided 
it either lien in the prism zone of the erystal, or is parallel to the basal plano. 
Tn each case two shadows will be observed, corresponding in their position 
10 the angles of total reflection of the two rays. When the plate is cut parallel 
toa face it the prism zone one of these shadows, that belonging to the ordi- 


of the plate. 

fase the method 
cna wo ele 
ibrition directions indieatea 
One of these 
Yavin ike ton of the tn ‘of variously oriet- 
vary wit orientat grain. a series ly 
Cee ne the index having the maxinum difference from «wil atleast 
tiotocimate toe ICthe grains are of uniform thickness, those that show the 
terror unler of interference colors wil give the closest ajproach to the true 
Gets other hand, grains that chow 20 or only « lite birefringence will give 
only the value for's If interference figures (eee Art. 397) ean be obtained 
Fae Te rai they will help tn their orientation and so asset in finding the 


[ 
| 
F 
| 
E 
% 
: 
4 
E 


280 PHYSICAL MINERALOGY 


389, Wave-surface.— Remembering that the velocity of light 

ton is always inversely proportioual to the ing refractive index, 
Ais'obrioun that the velocity of tho ondinsy tat for ote ae 
uniaxial crystal must be the same, being uniformly proportional to. In 
other words, supposing light originates at m point within « uniaxial 
the 


orystal 
ray would travel out in all directions with uniform velocity and 
its Wave-front would form a 


For the extraordinary ray, Toweras the velocity varies with the direction, 
Doing proportional 10 + in « horizontal direction and becoming sensibly equal 


to 4 when easly coincident with the direction of tho vertical axis, ‘The 
{nw of the varying change of velocity between thow values, and, ie given 


bby an ellipae whose axes (OC, OA, Figs. 680, 581) are respectively proportional 
to the above valuan 


‘The wave-front of the extriondinary ray is then » spheroid, or an ellipsoid 
‘of rovolution whose axis coincides with the vertical crystallographic reoe, 
that is, the optic axis, In the direction of the vertical axis it is obvious that 
the wave-fronts of the ordinary and extraordinary aN will coincide. 
Figs, 682 and 683 represent vertical sections of the eombined wavo- 
‘surfaces for both mys, - 582 gives that for a negative crystal like calcite 
(e <u), the ollipsoidal wav face of the ext linary ray being outside 
surface of the ordinary + Pig. 583 that of » positive oryatal 
like quarts (« < +) with the ellipsoidal surface within that of the sj 5 
Fig. Set inan attempt to show the relations of the two waye-fronts of a. 
tive 


‘eyetal in perspective for a single cotant. ‘The conte value of tho 
velocity of the ordinary: ray: (?). Whatever its direction in the plasie of Figs, 


S82 and 583, is expressed by the radius of the circle (OC). On the other 
hand; the velocity of the extraoninary ray n the Soria tie isgiven 


by OA ( while in any oblique direction, ae Or, Fig. 582 (Ore, Fig. 889), itis 
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expres by the length of thin tne, beemug mote and mote nearly equal to 
00 (2) as t direction es that of the vertical axis. 


Bo 


Negative cryatat, ese, Peutive crstal wer, 


390. Uniaxial Indicatrix.—The optical structure of a uniaxial crystal 
ean be represented by an ellipsoid of revolution, called the indicatris,* from 
whieh enn be obtained the directions of vibration and indices of refraction of 
the ordinary and extraordinary rays derived from any single incident ray. 

Fg 585 represents principal scotion of euch an elipeald for nn optically bagy: 

tive crystal the line C=C being ita nals of revolution, - The nxen of this clip: 
oid are made inversely proportional to the indices of refraction of the two 
rays, w and e, 2 follow: 


oc:04 =) 
@ 


Vor «rw. 
‘ 


The Optical Indiatri and the Trananiston of ght in Cratala, by 1 Peichar 


282 PHYSICAL MINERALOGY 


In this figure lot Or be x direction of transmission of tight. Let Vr and VR 

bbe tangents to the elliptical surface at the points rand # and OR be a radius 

‘yeetor parallel to the tangent Vr. Or and OR form then what are known 
i 


Anat the ren of any parallelogram with conjugate radii forming two sides, 
such ag ORVr in Pig 

ani 
Tronded Use Or. "Then tho nrex of DRVr wil be Guat to ANON, Tt 
follows since RN-Or = OA‘OC = « constant, k, that 


‘ =x 
Or = OO = RN? Mio OA = AR. 


XQ. of the extra tex that 
Ginction wile BN itrprset fa ict 
_), index. "Phe line RN’ will also ive the direc: 


4 > tion of vibration of the extraordinary my. 

For the radius vector Or there will be another 
possible direction perpendiculur to it and also 
normal to the ellipsoidal surface. ‘This will be 

4 4 line from O perpendielar to the principal 
section ixprosented in Fig, 685. This line will 
lie in the horizontal circular section of the indieateis ellipsoid with its length 
equal to OA which in turn is proportional to the index of the onvinary ray’, 
So for n given direction of transmission of light, auch as Or, the two lines 
that re perpendioular to it and at the sue time normal to the surface of 
tho indieatrix yield both the indices of refraction of the two rays aid the 
. rar to git ts pak rill to tho principal mia of the icn- 
it to the principal axis 8 in 
Es chore wil be as ntadto want of tne tic ae 
dirootion und at the same time normal to the surface of 


the indicatrix. ‘Those will lie in the horizontal circular section of the ellip- 
oid and consequently will be of a uniform length, From this it is evident 
that such a transmitted ray may vibrato in any transverse direction apd will 
‘posses a single index of refraction and yoloeity. Along this direction, kno 

‘8 the optic axis, there will consequently be nu double refraction of the light. 
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Naaartvat Covers 


Conandum 
1 


Veanvinnito, 


Examination of Uniaxial Crystals in Polarized Light 


‘992, Section Normal to the Axis in Parallel Polarized Light. —Sup- 
pose a seotion of m uniaxial to be eut perpeniicular to the vertical 
erystallographic axis. It has already been shown that light ‘through 


‘the crystal in this direction suffers no double refraction; consequently, such 
section examined in parallet polarized light behaves as & scotion of an isotropic 
‘Substance. If the nicols are crossed it appears dark, or extinguished, and re- 
mains s0 when revolved. 

‘393. Section Parallel to the Axis.— A section cub parallel to the verti- 
‘cal axis, ns ulrendy explained, hua two directions of light-vibration, one parallel 
‘to this nxis, that of the 


88 ost 
extraordinary ray, and 

theotheratright angles ms 

Yo it, that of the ordi- M4 a 

nary ray, A ray of Sead 

Hight fling upon wae A 

fk section with perpen= 

tlgular incidence i di scene” ii 
videdinto the tworayy, ‘ ao 

ordinary and extraor gE a 

dinary, which travel by) 

fon. in ‘the same. path u A 

through the 


erystal, 
hut one of them retarded telatively to tho other. When stich a section is 
examined in polarized light with erossed nfcals it will appear dark, or be ex 
t | when ite vibration directions lie parallel to the vibration directions 
Sea mse that the motion deh, Fig. 886, lies with the direction 
Of ite vertical erystallographic axis parallel to P-P, which represents the vi- 
bbration direction of the Phe light entering the section under these 
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conditions will be vibrating parallel to the vertical axis of the erystal and will 
therfore pas nto the mineral wholly nx the extraordinary ra, ther being 
no vibration posable in the dineetion of the ordinary ray. ‘The light wil 
therefore, leave the section with the sumo direction of vibration as when It 
entered and will be entirely lost by reflection in the analyzer, If tho section 
is tnmed at an anglo of 90°, ns a'b'c'd’, Fig. 586, similar conditions prevail, 
flchough in this ease Ue light will vibrate in the section ns the ordinary ray, 
Therefore in such a section there will be four positions during its complete 
revolution on the stage of the polariseope or microscope when it will be ex: 


tingulabed. 

A the section stand obliquely, ap abed in Fig. 587, it will appear tight to 
the eye (xnd usually colored), for the vibrations parallel to P-P that have 
jriseed through the polarizer have upon resolution w component in the direc- 
Yon of each of the vibration-planes of the section. Again, each of these 
‘components can be resolved along the direction of the vibration-plune of tho 
upper nicol, A-A.. Therefore, two rays will emerge from the analyser, both 
having the same vibration-plane, but: one more or lest retarded with reference 
to the other, the amount of retardation increasing with the birefringence and 
the thickness of the section. In general, therefore, these rays will interfere, 
and if the thickness of the section is sufficient (umd not too great) it will 
‘appear colored in white light and, supposing the thickness uniform, of the 
same color throughout. 

‘304. Parallel Extinction. — When the vibration directions of section 
coincide with those of the polurizer und analyzer, aasuming them to be crossed, 
the section appears dark nnd it issaid to be in the position of extinetion. If 8 
section extinguishes when its crystallographic axis or axial plane is parallel to 
fone of the planes of vibration of the nicols itis said to show parallal extinction, 
If, on the other hand, no such parallelism exists between the crystallographic 
directions and the directions of vibration in the mineral the section ls sald to 
show inclined extinction, : \ 

In the case of uniaxial minerals, since the vibration directions always lie 
in some crystallographic axial plano, all sections of such minerals will show 
parallel extinction, 

‘395. Determination of the Relative Character of the Extinction Direc 

tions of a Given Uniaxial Mineral. —'Tho rolutive characters of the ex- 
tinction directions of « section of 1 vninial mineral are to be determined by 
the use of the quarts wedge or the sensitive tint as described in Art. 
If the orientation of the section is known so that it ean be told which of the 
directions of vibration belong to the ordinary and which to the extraor 
diary ray the paitive or negative character of the mineral ean be determined. 
For instanco, if the ordinary ray is proved to bo the faster of the two (ie, the 
X direction) it follows that its index ie the smaller, i¢,,0 < «and the mineral 
is positive. 

"396. Taterforence Colors of Uniaxial Miners. Birefringence, —‘The 
interference color of sny section of a viniaxial mineral depends upon the fol- 
luwing: first upon the thicknoss of the section, second upon the strength of 
the double refraction of the mineral, (c, its birefringence, this being meastired 
by the difference between the indices of refraction af the two rays in the seo- 
tion, and third upon the crystallographic orientation of the section. A section 
cul parallel vo the basal plane shows no double refraction and therefore cannot 

it any interference color, ‘The strength of the birefringence, the other 
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conditions remaining uniform, Increases us tho inclination of the section to 
the basal increases. ‘The highest birefringence of a given tnineral is 
therefore shown by its prismatic seotions, 
The following table* gives the thickness (in millimeters) of sections of 
few uniaxial crystals which yield red of the first order: 
‘Thicknoss jo 
4) Millimeters 
0-019 
00032 
0-089 
0.0240 


Rutile. 
Calcite. 


determine the birefringence of section (not 1. € 
stele vale te tro Meet, Sav 


997. Effects of Convergent Polarized Light upon Sections of Uniaxial 
‘Minerals. Uniaxial Interference Figures. — When ceriain sections of uni- 


interference A symmetrical Interference is ob 
Tnomte‘by allowing conversing polarized ight to pass 


rays oand e ‘The mineral being taken as calcite the extruordiuary ray (eal- 
Cite being negative) will have the greater velocity: and be. less refracted, 
‘As the light enters the section in the form of a cone tho traces of tho two raya 
fas they emerge from the section will be circles, Fig, 688.8, Now consider in. 
tdmilar caxe the action of the two rays a and } or a’ and b (Fig. 889) upon 
each other. Ray « of entering the scction ia doubly refracted and pol 

{nto the rays e and o which are considered at emerging from the section at the 


“Bee further, Rosenbuach (Mik. Phys. Min., 1904, 7. 202), from whom these are taken. 
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ts ¢ andr. Ray b sleo on entering the section is doubly refracted and 
ben bash in ray derived from 6 emerges from the 
tecion at the sane potatoe the oir ry deve from ots Ita 
Since it travels with 1 greater velocity the ray exerging a 
point will have advanced in its phase over that of the ordinary ray. In that 
‘use they would bo in a condition to interfere with each other except that they 
are vibrating in planes perpendicular to each other and s0 cannot, ‘The two 
faye travel on, vibrating in planes at right angle to ene othr and manta 
tctarasived lt pb rating We Pate Aca Pig sib ond ae 
ved into rays vibrating in the plane A~A, Fig, ‘and are now 
in condition to interfere with each other, Lot it be assumed that the condi- 
ie tions are right for the extraordinary 
ray to emerge from the seetion just 
‘one wave-length ahead of the ordinary 
ray. Their components in the upper 
é nicol will have opposite phases and 
therefore compensate euch other, see 
Art, 344, If the section is viewed in 
- ‘& monochromatic light, (for instance, 


im 00 


‘odium light) this intorference will result in a black point, But as these ray 
fare converging in the form of « cone they will make, when they strike 
section, # eireular trace upon its surface and their interference will result ina 
dark ring. Going out from the eunter of the snetion there wil be m scoee 
sion of ee ings vorveeponding to the interference of waves 1, 2, 3, 4 5, 
ete., Wavelengths apart, Ax the distance from the center of the section i 
increased, the paths of the refracted rays in the section are lengthened and 
fhe points of Interferance are, bro lower together This will cause the 

ference rings to lie nearer as the distance from the center of tho 
figure increases. 


being the less refracted (for ealeit), will be the inner one. ‘The plane of 
the vertical axis 
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upon tho surface of the section will always be in a tangential direction, 
590, the line P-P, Fig. 600, only light. vibrating in a radjab 
ne oF that of the ext ray ean come’ h the seetion, since the 
light entering the seetion eannot. be resolved into the vi of the ordinary 
ray. The intensity and dirsetion of vibration of the ight that emerges from 
the section along the line P-P is represented by the double arrow on that line. 
Along the line A-A, since the light entering the section is still vibrating in 
the plane P-P, all the light passing through the section must vibrate as the 
onlinary ray. 'I¢ is evident, therefore, that nlong these two direotions, P-P 
and A~A the plane of vibration of the light is not changed by 
the section and consequently such light will be completely. ubsorbed int 
upper nicol. In this way dark brushes will be formed slong the lines PP 
and A~A, ‘These dark areas along which extinotion occurs are known in 
both the uniaxial and biaxial e 
interference figures, as ise ye 
pores A dark spot will alin 
formed in the center of 
the field because any: fi 
entering the section, at ny 
point must enter in the direo- 
tion of the optic xis and 
Uberefore wil Bot be doubly 
refract eonsequently 
will also be absorbed: in the 
analyzer. ” 
jow consider point B, 
Fig. 500, which Views 45° away 
from P and A. Here the di- 
rections of vibration of e and 
¢ would be equally inclined, » 
to the ‘of vibration of 
the pe, A-A and 
P-P. Light striking the see~ 


in the plane P-P but by . A 

resolution 8 component vibrating in the diretiy B-1B would come through 

the section as the ray e; in the same manner 8 com) it vibrating in» 

tection at right angles to B-B would emonge ns 0. ‘The intensitios and diroo- 

tions of vibration of these two rays at this point are represented by the 
faye meet the analyzer above they would nea 


field of the mioroseope, like Fig. 501. 
of uniaxial mineral while in the eonascope i viewed in 
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daylight colored rings will take the place of the light and dark rings observed 
fn tae mccocteccts ean, tne slaces oil beth ae See ee 
wedge in the similar case deseribed in Art, 349, "Where the first few dark 
rings near the centor of the figure were formed by the interference. of 
having the wavestength of sodium, light colored rings will result in the daylight 
illumination. ‘These rings will he composed of all the components of white 
light with the yellow of sodium subtracted, ‘The other colon are obtained in 
w similar manner by the elimination through interference of some particular 
wave-length of ight. While the interference figure when illuminated ln the 
inachrematle ht showed lange number of aint bck ings aye 
light the corresponding eolored ring are limited in number, and thelr coloes, 
gradually becoming fninter us the distance from the center of tho figure 

increases, finally merge into the white of the 
higher order, This ie due to the overlapping 
of the interferenos rings of the various tolors 
in the same manner as observed in the quits 
wedge, see Art, 249, ‘Tho interference figure 
viewed in daylight will of course retain the 
Dlnok cross nnd center sineo these are due to 
the cutting out of all the light by the analyzor 
and are not the result of interference. 

‘The distance of each successive ring from 
the center of the interference figure obviously 
depends upon the birefringence, or the differ- 
tae beoreen the refractive inves, for thn 
ordinary and extraordinary and also upon 
rene RRS eee 
sia Interference jouble refraction an! plate, 

ee the smaller the angle of the light-cone which 
will give a certain amount of retardation, of, in other words, the nearer the 
circles will be to the center, Further, for the same section the circles will 
be nearer for blue light than for red, because of their shorter wave-length. 
‘When the plate is either quite thin ar quito thie only the black brushes wii 
be distinetty seen, 

398, Determination of the Positive or Negative Character of the Bire- 
fcingence of «Uniaxial Mineral from It Interference Figure, 

the Mica Plate, —For tho identification of a uniaxial mineral it 

1» naturully important to determnine whether the character of ite bireringeee 
1s positive or negative. ‘This eau usually be best necompliahed by teste tance 
upon its interfererioe One of the common wayn of making this test is 
ty the ue of set of ussovite mie, cleaved 0 thin that, of the two Faye 
light passing through it, one has gained one quarter of & wave-length in 
phuso over the other. "The mica is usually mounted between lon and tasrow 
sass plates and is kxown na the one quarter wave-length miea*plate, It ie 
commonly marked 1/4M with an arrow indicating the Z optical direction: 
In testing. an interference figure by means of the yea plive the lotiey we 
inserted somewhere between the polarizer and. analyzer (a 


vibration of the and 
of a conoseope. Let O be the 
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point of of the optic axis of a positive uniaxial mineral, Su 
Teingle conte ray of light eaters the section. Tt is broken pin the muneen 
into two rays, o and ¢, which emerge from the section along the ares of the 
circlos shown in Fig, 692, The trace of the ordinary ray, 0, will be within 
that of the extraordinary ray, ¢, because in « positive mineral the o ray travels 
tho fate al is en refracted. The direetons of vibration of these two rays at 
the 45° points R and R’ are ropresented by the double-headed arrows, 
these rays rouch the analyzer they will be resolved into components vibrating 
parallel to A~A. ‘Thero are an infinite number of mich rays entering and 
Ing t the mineral section with varying of inclination and there 
fore varying lengths of path. At some certain distance out from the center 
Oro rays will erurge on the same cece with m difeence of phase of one 
whole wave-length and when 
resolved in tho upper nicol 
into rays vibrating in the 
same plano will interfere with 
teach other and. produce the 
first dark ring of the inter 
ference figure as it is viewed 
in mor ight, 
If the mica plate is i 
‘troduced above the section 
s change in the interference 
figure is nated. ‘The optical 
churseter of the mia cannot 
be fully explained at this 
point, Tt is sulfieent for 
present} to know that 
itis a doubly refracting min- 
eral which breaks light. up 
iat oro rar bbl me poles 
in planes at right angles 
to each otter, an wi, A 
traveling with different, vols 
eition {erotgh the tales, will emerge from It with different phases. As stated 
above, the mica plate it cleaved to the requisite thickness 20 thnt the two 
rays ¢merge from it with a difference of of one quarter of a wave 
length, Consider what takes place when such & plate is introdticed above the 
section ted in Fig. 692 in such a position that its vibration direction 
Z's parallel to the direotion R-O- of the figure. Consider what takes place 
‘Mt the pointa R. ‘Thore the vitrtion slirection of the ¢ ray coincides with 
the vibration disection Z of the mica plate, ‘These vibration directions in 
‘each ease aro those of the rays traveling with the smaller velocity. On the 
‘other hand, ut the same point the vibration direetion of the o ray in the mineral 
coincides with the vibration direction X in the plate, bath of these being of 
‘the rays with tho greater velocity. So at thie point the effect of the mica 
plate 1s to inarenee tne difference of phase betwee and e and to produce the 
sume result aa if the mineral section had bees thickened. Consequently the 
Scaeetun ceareceeet a ts 
tow: conter AL x 
‘ballon rection al ¢coleciion nw with that of Xi foe tales plate; tas 
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part hlong the line f-O-R’. In quadrants 2 aud 4, therefore, the rings will 
Hp drawn nearer tho geater, while ty quadrants 1 and 3 they wil be posed 
farther out. Another effect, caused by the introduction of the mica plate is 
‘even more pronounced, In quadrants 1 and 3, in the case illustrated in Fig. 
$502, black dota will appear near the center of the figure. In the interferences 
figuro, before the introduction of the mica plate, there were points in quadrants 
Tand'3 at abort distances from the eenter, O, where the two rays, 0 and ¢ 
‘emerged frotn the seotion with a difference of| phe ‘of one quarter wave-length, 
Under those conditions no interference eould take pluce and these spote were 
light, ‘The effect of the mica plate in these two ‘quadrants is everywhere to 
raduico the birefringence due to the mineral by one quarter of & wave-length. 


Determinathon of Optical Character with Mice Mate 


‘Therefore at these two points the difference of phase caused by the birefrin- 
gence of the mineral is annulled by the mica plate and consequently at these 
points interference will result and black dots Tho mica plate produces 
still other effects, The brushes which were dark in the interference 


in the vibration planes of the mica and ag these are inclined to the plane of the 
‘analyzer portion of the tight will come through to the aye, As the light 
‘coming from the section along tho lines of the brushes had only « single 
velocity (was entirely either the ordinury or extraordinary ray) there are 
only Wo emerging from the mica plate along these directions and. their 
difference of phuse is one quarter of a wavelength, Under these conditions 
there can be no interference and white brushes result, In the same way the 
rath ee of the tntererenee Ggure becomes leh ate 

. 503A, is a tic representation of the interference figure of 
‘a positive minoral as affected by the insertion of the mica plate, the direction 
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of tho arrow indicating the direation Z of the mies, 4, the direction of vibrac 
Vion of the ray having the smaller velocity, In the ease of » negative mineral 
the conditions as described above will be completely reversed, Fig. 503 B, 
representa the appearance of an interference figure of n negative mineral when 


the mien plate i wed. 
‘Therefore, to determine the optical character of » tniaxial minoral from. 
its interference figure insert « males plate above the section with its Z direction 
46° with the vibration planes of the nicols. ‘Then, if this direetion Z 
iat right angles to a line joining the two black vote that appear near tha 
center of the figure (i, the two lines fort « plus sign), the mineral is positive; 
if, on the other hand, ‘hess two directions coincide (form together minut 
sign) the mineral is itive, 

He of the Sensitive Tint, — “The sensitive tint, #ee Art. 960, is used to deter 
mine the positive or negative character of a uniaxial mineral from ite inter- 
ference figure when the 
mineral nection is. 80 
thin, or the mineral por 
peste such now bie 
fringence, aa to show 
the figure nly a blask 
cross without any’ rings. 
Under such conditions 
the miea plate would 
‘not give a: ive test. 
‘The sensitive tint, is 
\whually eo mounted that, 
its longer direction coin- 
faee 
ol ation 
ee eee ‘Determination af Optical Charneter with Sensitive Tint 
tion X, ‘The sensitive tint is introduced somewhere between the polarizer and 
analyzer in auch position that its vibration directions wre wt 45° with the 
planes of vibration of the nicola. Let it be assumed that we have the interfer= 
fence figure from  poritive mineral, such as is represented in Fig, 692. If the 
Senaitive tint is introduced in such a position that its X direction ig parallel 
to the line R-O-Z the X dircetion of the sensitive tint will be parallel to the 
direction of vibration of thee ray in the mineral. _ Since the mineral ta positive 
‘the e ray will havo the smaller velocity and therefore in quadrants 2 and 4 the 
optical orlentation of the mineral and the senltive tint will be oppoged to 
eich other, ‘The sensitive tint alone would produce an interference oolor of 
reel of the firt order. But if the effeet. of the birefringence of the mineral iy 
sich us to subtroet from the bres af th seni tnt tho olor wil 
change to yellow. quently in ts yellow spots will appear 
hour the eanter of the field nt the points where the effect of the mineral hus 
been mufficiont to lower the interference color to that extent. In the other 

juadrants, 1 and 3, the faster and slower rays of tho mineral and sensitive 
tnt colncie in their directions and the effet ofthe two substances isan wldl- 
tive one. Consequently in these two quadrants the color will rise to blue. 
‘In making the above test with the sensitive tint it is convenient to follow: 
the rule that if the direction X of the sensitive tint ¢romes 1 line uniting the 
two blue dots (makes a phis sign) the mineral is positive; if, on the other 
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hand, these two directions coincide (manke ‘a minus sign) the mineral 
is negative. ‘These conditions are illusteated in Fig. 504, 

399. Interference Fi from Inclined Sections of Uniaxial Minerals. — 
Jv frequently happens that « mineral section under observation for an inter~ 
ference figure is not cut exactly parallel to the basal plane of the eryrtal, 
‘An interference figure obtained {rom such an inclined section will of course be 
ecoentrie to the microscope field. If the section is inclined only a little to the 
‘mal plane, tha canter of the Bip (Ca. the potnt of enengence ofthe optia 
‘uxis) wil still be within the field of vision and will move in a eircle about the 
centor of the field when the section is revolved upon the tuloroecops stage 


Fig. 805 4, shows the successive positions of such an interference lucing 
rovolution’ If the section is more sharply inclined he center of the inter 
ference figure may be quite outside the field, As the seotion is turned on the 


Qe 
G 


stage the four arms of the interference cross will traverse tho field in succession. 
‘They will move across the field as straight bars ne, provided the section his 
been out not too highly inclined to the optic axis, will move across the fold 
parallel to the crows of the mlroscope ‘Thin Tat eof imprtanoe ty 
order to distinguish such a uniaxial Interference figure from etetain binxial 
figures, The latter will often show sitailar bars which, however, will usually 
aurve 1 they eros the field of the microscope. If the first of these bare in 
the uniaxial fare moves from lft to ih across the fel the second wi 
move from the top to the bottom, the thitd from right to left and the last 
from the bottoms to the top, ete. Fig. 505 8, shows the different position of 
‘sioh «figure during one quarter ofa revolution. If the section is considerably 
inclined fo the optic axis, the black bars in the figure will show some aurvature 
Se ths rte oe bs Bold au ataisie tas toy sal ater (hog 
rors the cent ie field a atenighit to either the 

zontal or vertical cros-lnirs of the microscope, bult as they disappear fren 
‘view the end away from the optic axis, which will be broader and more vague 


Rocentric Uniaxial Interference Figures 
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in its outline, will curve slightly, bending nway from the eross-hair to which 
the bor a4 whol fa paral 

‘Te postive or negative charnetr of the mineral ean umually be detar- 
ined from an eocentrio figure if oare is taken to make certain which quadrant 
is visible when the test ismade, For instance, 
in Fig. 596 is shown how the teat is made with bao! 
tho sensitive tint upon the eccentric interfer- 
tren fe of « postive manera. 

In examining unorientated sections of 
mineral, quch ns tho random seetinns found in 
rock section or the amall fragments of a 
riper placed upon a gaan lid, i adv 
ible always to hunt for that aection that gives 
the lowest. interference color. ‘The amount 
of birefringence shown in variour seetions of 
‘8 uniaxial mineral decreases ns the seetion ap- 
proaches the orietation of the basal 
‘Consequently that section ehowing the 
interference ‘color will yield the most nearly Seriitetuewih 
aymmetrical interference figure. ‘Eocentric Interference Figure 


Section of a Uniaxial —Wher n prismiatie section of a uniaxial min 
eral is examined for an interference figure tho result ia which is 
analogous to one obtained in the caso of biaxial erystals, ‘The reasons for 
‘His resemblance will-be pointed out in slater article, ‘The two types of fig- 
ures cannot be in this case differentiated. ‘Two dark and usually in~ 
definite hyperbolaz approach exch other as the section is turned on the micto~ 
scope stage, form sn inuistinet eross, and rapilly 
separate abd Uproar, Wor thie reason this 
figure is often called flash. figure 
° Inure differ from those obtained in an 


ion, “The vate ays outer und 
have the field in tho quadrants whieh ure bie 
ected by the optic axis of the erystal. At 
tho penton of maim mination the Geld 
Uurually shows Interference colors arranged {tm 
pattern similar to that Indicated in Fig. 607, 
The colors will rise in their order in the direo= 
tions of the arrows shown in the figure. "The 
optical axie— the, divetion @-C— will bet 
tow opposite quadrants io which the colors fall in their order in. passing out 
‘ward from the eenter of the field. Tf it is possible to mako definite observa 
tions of this kind, the ditgetion af the optical axis ean be determined. and then 
by teste with plane polarised light the relative velocities of the ordinary and 
extraordinary vibrations can be found and wo the optical sign of the minaral, 
Th must be ey howevor, that confusion cas easily exist betweon thie 
figure and jt smilar one obtained from cortain sections of  bisxial crystal, 
see Art 417. This type of uniaxial figure can be easily obtained from 
‘auarts wedge. 


& 
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401. Phenomena of Uniaxial Crystals. Dichroism. — When 
light entors colored minerals a» rays of white light, ie., containing vibra- 
tions of all wave-lengths from that of violet light at one ead of the spectram 
to that of red ight the othe, certain wavs Selb sire rig 
e passage of tt the mi l, 0 t it, 88 it emer 
hia deine olor. 1 happens in certain deeply calored iiperls that the 
tunount and character of this abworption dependé upon the direction of the 
leh ibeatin, or instance in the cate of uniaxial mineral he ordinary 
and extraordinary rays may emerge 0 nec inctly differen 
colors. Take, for instance, n prismatic seotion of a brown colored tourmaline 
tu obyerve it in plane polacige! ihe without the se of the upper nicl. Ax 
the setion is rovolved pan the stage of the polariscope the color may change 
from n dark brown to a light yellow-brown, ‘The greatest difference in 
a Cnlor oocurs at positions 90° apart and when the 
‘crystallographic directions of the section, 
the vertical eryatallographio axis and the trace 
ofthe plane of the ational aes ae eer 
‘or perpendicular to the vibration plano 
Of the polarizer. In other words, these ex- 
tremes of color occur when the direetions of the 


tion. The mineral section is 90 planed that the 


ray is only slightly absorbod. "This difference in 
the absorption or the color of the two rays is known aa dichroim, Either 
the ordinary or the extraordinary ray may be the most ubsorbed and the two 
eases re expremed as either o> ¢(w>«) ore>o(e> uw). In uniaxial 
minerals dichroism is to be best observed in prismatic sections whery it nt- 
tains {ts full intensity, Basal sections show no dichroiam, since light passin 
thug te section parallel to the opti aia must all vibrate inthe horsontal 
tdal plane and belong wholly to the ordinary ray. 


‘An nvteument called = ihroicope, contrived by: Haldine, te sometines used for 
ning in ‘of ceymala. "Xn oblong rhombelbelron sf feeland spar i placed 
ine ¢ tase, having a conver fans one ead, and ® aquage bale at 


‘ther ie 

od the Sibert the extnardinary "a9" When a plooehrle erytal  exind 
swish iby" TT dh Groban, mt tervala of 0" In 
Tien, ve iret to the itoplanes of 
txtracedinny tay im elit” Since be two lags are atuate ey 
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difference of color ix perceptible, A almllar device is sometimes used ns an oeular in the 


incecone, 
Gea "ircatar Potatation — eliptcat cial 
Amedeo sn ate eae oe 
iat ane nea hm eae of eas belong 


ea en ep orn ory, int rt et oa he 
tee les however, nana getion of Quarta, 


sre ice condons, 1 appa darn onochraate 
Tretatvace hoa boen rotate vo that ia vibeation-plae maken fr wai 
ra rie, fe wor tn ty pron a 


Tight. "The amount of this rotation increanes 
“ Aight dictates (for red this ungle 
bout 10, Yor blue 82). The dretin of the ota 
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the discoverer, Airy opirel, Trias of quarts erymtale are not uncommon, cor 
he combination of right- and Jei-handed individuals (nccording to the Brasil lay) 
how these spirals of Airy, With ciunabar similar phenomena are observed. 
{hie species also not infrequently show Airy's mpirala in the polariseope 


403. Summary of the Optical Characters of Uniaxial Crystals. — All 
sections of uniaxial crystals show double refraction except those that sre cut 
Parallel to the basal plane All doubly refracting sections show parallel ex 
linetion. When viewed in convergent polarized li 


Tie in the pram sone of the orystal of ‘that are only slightly inclined to that 

zone, All doubly refracting scetions have two refractive indices 

ing to the two extinction directions; one of these is alwaye w and the other has 

a value (e’) ranging from w to «, dependent on the inclination of the section to 

the optic ‘axis, Dark colored minerals may show dichroism. ‘Tetragonal 

id horagonal substances cannot ‘be distinguished from exch other by optical 
ih 


teste, ‘They may be at times told apart by charneteristic cross sections of 
their erystal i 


©. Braxtat, Curstars 
General Optical Relations 


‘Tho crystals of tho remaining systems, i.., the orthorhombie, monoclinic, 
and triline, belong. optically to what is known as the Miaxinl Group. 


‘404. The Behavior of Light in Biaxial Crystals. —In, biuxinl orystals 
there are three espectally important directions at right angles to exch other 
which are designated as X, ¥,.and Z (ulso a, by snd ¢), three direc 


tions are sometimes spoken of us azes of elasticity in reference to cortain 


Vary thin setons of quart, Bomeve, aw (eg with Us icra) the Ua ere 
of an ordinary unissal ery, We 
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sueusmned differences in the ether aiong them, ‘The nature af these throo dires- 
tions is ne follows. Light which resulta from vibrations to X (axis of 
test elasticity) is propagated with the maximum velocity; that from vi- 
tions prrallel to Z (axis of least elastiity) with minimu velocity; and 
that from vibrations parallel to ¥ with an intermediate velocity. Tt is to be 
emphasized that these direotions, X,Y’, and % refer to dirsctions of vibration 
‘not to directions of propagation. Corresponding to the maxitnvm, inter 
thediato, and tantmum ight velocities are three prinlpal indices of refraction 


od respectively us a, , and 7* (scnnctinves designated as Np, New an 
or iiaat er balvegtng: to light. with the ante aie ont "pave 
{ho east value and > bel 


longing to light with the minimum velocity, will have 
the greatest yaluo, "The 
value of 8 will be intermedi 
hte between the other two, 
sometimes being nearer to 
@ ond ut other times being 
nearer to 7; it is not the 
arithmetical mean between 
‘them. ‘The various methods 
of determining the values of 
these throe principal indices 
of refraction will be comsid~ 
ered ina Inter article, 
Instadying the propaga- 
tion of light within a biaxin) 
crystal let it be assumed 
that Fig 509 wiped 
reetangular lepiy 
in which the front to back 
axis is the direction X, the 
Toft to right axis ix Y, and 
‘the vertical axis is Z In 
connection with the figure and those which follow, it iy helpful to make use 
‘of a model (s pastoboard box would answer) orientated #o that its longer 
‘edge nins from front to hack, its intermodinte edge from loft to right and ita 
nbortest, cdge vertical, corresponding to the X, Y, and Z directions of the 
fae. Tn eteee the figures that follow it has been asmumed that 
‘three prinelpal indices of refraction area = 15,4 = 16,7 = 25, adiffer- 
‘ence betwoen o and y far exceeding anything observed in actual crystals In 
general, thin differance does not excend (1; hetice (tis nocossury to exrgger> 
ate the seta! values greatly inorder that the phenomena may be distinetly 
shown by diagrams drawn on a small sealo, 
In the discussion that follows it will be aswumod that light originates at the 
‘center of & crystal, O, Fig. 599, and the endeavor will be made to determine 
Ube character of the rays which rudiate from © in all directions. ‘The simplest 
and the ones which in reulity are the most important, are those 
‘that lie in the axial planns of the figure, XO¥, ¥OZ, and XOZ. ‘These will 
‘bet considered first. 


rity nok ony ae the 
sie lee bo tn on ied of the light (es Hy Vad 2) Sto 
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Consider the plane of the X'and ¥ directions, Fig. 599. Light will radiate 
‘and ¥ and in all intermediate 


trom, @ toward and rections with vibrations 
parallel to Z aud hence travel 
Ing with uniform and at the © 


Snme time minimum velocity, 
Te the distance euch Tight 
will travel in a given moment: 
Of time maybe. plotted by 
‘ircle about O witl 
1 Tn 


termediate between X and ¥ 2 
propatsaal ihe rl of an clipes having 1/@ and 1/a respectively 
two lii of an (J tin its 
Eictominor and somimajor diameters, Fig. 600, Ti the plane of the X and 
oo 
iven moment of time ib 
af ee cre fon hore 
andextraordinary 


01. Like 
travel in the direction OF a 
second ray resalting froth vi- 
[rations parallel to 07, hence moving with the minimum velocity, 1/-y. | Also 
vibrations to 


Oy Sith the velocity 1/8. In dreetions intermediate betwen Y and Z 


al 
SS 
+ 
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tho light velocities will be proportional to the radii of an ellipse having 1/+y 
and 1/8 respectively #s its semi-minor and semi-major diameters, ‘Fig, 601. 
tp the plane of the ¥ and Z 
directions, therefore, in 4 given 
moment of time, light will radi- 
tay aed enaordaary raga tp 
nary jextrnc 
waye-fronts being represented 
bby an ellipse within a eirete, 
‘The last and most important 
‘plane to be considored is that of 
the X and Z dirvetions, Fi 
602, " Light will radiate from 
toward X and Z and all inter- 
mediate dirvetions with vibra~ 
tions parallel to OY, hence 
tewveling with unifrn and 
intermediato velocity, 1/3. ‘The 
distance traveled ina given 
moment of time is represented 
‘in Fig. 602 by the circle with 
‘the radius 1/8, There will Hke- 
wise travel in’ the direction OZ 
‘ray resulting from vibrations 
lel to OX, hence moving 
with the maximum velocity, 1/a. 
‘Alto 1 ray will travel in the direction OX with vibrations parallel to OZ, henoe 
hhaving the miniinusn voloity, 1/y. tn terenediuto postions the tight ns, 
locity will be proportional 009 
to the radii of an ellipae 
with 1a and 1/ respeo 
tively as its semi-major and 
semi-minor 


‘connecting these. points 


‘will be moving with uniform velocity and consequently along these directions 
there wil be no double refraction. “These directions ase eon es the ete 


‘axes of the erystal and since there are twoof then the optical group is 
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‘of as biaxial. ‘The character of these optio axes will be more fully developed 
in a later article. 

In the above the wave-fronts for light moving in the three 
principal optical planes of the crystal have been discussed. 603 rey 
sents the wave-fronts in these three planes as they appear when bow 
‘one octant, ‘The complete wave-suriaces for light propagated in all directions 
consist of warped which conform to the circular or elliptical wave- 
fronts already described in the three principal planes and have intermediate 
positions elsewhere, 5 poe ueechenaatl ‘way Lo represent these complete 
surfaces is by means of a 1. 

405. The Fresnel Ellipsoid.— The study of the behavior of light in 
biaxial crystals, ej from the mathematical point of view, has been 

matly facilitated by the conceptions of two ellipsoidal solids, known as the 

ol ellipeoid and the Fletcher indicatrix. "The Fresnel ellipsoid — or 
vibration Laguna — is an ellipsoidal solid, the three principal axes 
of which are made proportional to tho velocities of light vibrating parallel to 
X, Y, and 2, respectively. . From it oan be dorived the velocity and direction. 
of vibration of any ray of light passing through the cryxtal in any direction. 
In general, a plane iy ugh the center of the ellipsoid will have an 
elliptical outline, major and minor diameters of such an elliptical section 
‘give the directions of vibration and their lengths will be proportional to 


the volottin of the two rays which oan pass through tha in. direction 
normal to the chosen plans. Further, in such an ellipsoid there will be two 
‘sections that are in outline, Since all the radii of such sections are 


equal, light passing through the crystal in dirs 
tions normal to them must have a uaiform velocity 
‘and cannot. be doubly refracted or polarized. ‘The 
ciroular sections of the Fresnel ellipsoid are’ thers 
fore perpendicular to what are known as tho secon 
ry opto axog ofthe eryatal (eo further Art. 407). 
Biaxial Indicatrix.*— It is found furthor 
Unt thie structure of a biaxial erystal ean be 
represented hy an lipo known ng tho indict 


having 9s ita axes Which are at right 
angles to each other and ‘in longth to. 
the indioes a, A, 7. analogous to the sini 


This 

ure for tiniaxial erystals described in Art, 390. 
ellipnoid, whose axes represent in magni- 
tude the three principal refractive indicns, a, 5, ¥ 
(where & <8 <7) (so Fig. 604), not only exhibits 
‘the character of the optical aymmetry, but from it 
tnny be derived the velocity nnd plane of vibration 

‘of any light-ray traversing the erystal. 

‘In general, any section through the indicatrix 
will be an elliptical section. ‘The major and minor 
dinmnetery of such « section will yield the indices and planes of vibration of 
‘the two possible rays whose wave-frouts lie in this plane, or in other Becair 
‘whose wave-normals coineide with the lino perpendicular to the section. Ii 


+L Fletcher. ‘The t ‘and the Transmiasion of Light in 
Fleer. ‘Tho Optical todicatix and the Laght in. Crystate 
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this section happens to be one of the three principal sections of the indica 
tris, ABAB, ACAC, or BCBC, Fig. 604, its major and minor diameters give 
the directions of vibration and’their lengths the indioes of refraction of the 
two mys. If the incident ray hns some direction different from the direc 
tons of the three axes of the indicatrix ellipsoid the derivation of the charac 
ter of the two refraetal raya i not os ample, Lat Fig. 005 reprowent such 
aan elliptical ssetion to LL. In this cae the major and minor 
diameters R-O-R and -O-r of the elliptical section lie in the vibration planes 
of the two rays but the directions of vibration of the latter will be some 
what inclined to the elliptical section, ‘These directions of vibration may 
be obuiined by erecting. normals to the surface of the indieatrix at the points 
Randy whore the major and minor diameters of the elliptical section meet 
that surface. ‘Thess normals HN 
‘and rm, when extended to the line 
L-L, yield the directions of vibra~ 
tion ‘and the refractive indices of 
the two refreted rays, Their 
directions of transmission (the 
lines OS and OT) will be par 
pendicular to these normale and 
‘tine neither of the latter lle in 
the elliptical scction both ray 
wl ba tefrcted and behave as 
extrordinary rays, 

‘There aro two special sections 
of the indicatrix that requice 
notice. The line H-O-B (Fig, 
(004) Is longer than the line A-O-A but shorter than the line 0-0-C. Obvi- 
‘ously, in sone position intermediate between A-O-A and C-O-C there will 
be a diameter Of the elipee ACAC whieh wil Ue equal in length to 8-0-8. 
‘Thore are two such lines, a8 S-O-8 and S'-O-8! In Fig. O04. Tho major 


and minor diameters of these soctions of the indicatrix, BSBS aud BS'BS’ 
fare equal and the sections therefore become circles.” Consequently: light 
pane 4 section of a ot out to either of these circu- 

‘sections of ite indleatric wil buve a Uniform valocyy abd. any. wrote 
in any transverse direction. In other words, there will be no double refrac: 
tion along tho lines normal to these two sections. ‘Those lines constitute 


of any nection of the indientrix yield the 
traces upon that section of the planes of vibrations of the two rays whose 
‘wave-normals are perpendicular to the section. In other words, the major and 
minor diameters of the elliptical section of the indicatrix give the directions of 


ang 
‘two planes, each of which includes the the eection and one of the two 
‘optio axes. This may be demonstrated by aid of Fig. 606 which representa 
a general elliptical section of an indiestrix. A~A and 8-B are the major and 
minor diameters of the ellipse and so represent the extinction directions of the 
mineral section. C-U' and C’-C" it the intersections of the two cireu- 
Ine sections of the indicatrix with this elliptical section. As these lines are 
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diameters of equal circles thay must be equal in length and it therefore follows 
from the geometrical nature of un ellipse that the angies AOC and AOC! nre 
ual, Lat the line P-P represent tho intersection with this elliptical section 
of a plano in which fio the normal to the section and one of the optic axes. 
Since this plang includes ian optic axis it must 
be jeular to the circular section of the 
indloatrix of which the line C’-0" ig « diameter, 
‘Also since this plane inelades the normal to tho 
elliptical section under consideration it must 
be at right angles to the latter plane. Under 
these conditions it is obvious that the lines 
P-Pand C’-C! in Fig, 606 must be at right 
{angles Yo each other. in the same way it can 
be proved that the lines P*-P' and C-C are 
‘iso at right angles to exich other. Since tho 
os AOC nnd AOC! are equal andthe angles 
and P'OC are algo equal it follows that 

the angles AOP and AOP" nro likewise equal. 
In other wards tho lines A~A and B~B repre 
venting the directions of extinction of the sec~ 
ton bisect the angles made by the traces upon 
the section of the two planes which respectively 
past through each optic axis and the normal 
{o the seotion. ‘This fact will be made use of 
later, see Art. 427, in explaining the characters 


of tho biaxial interference figure. 
Optic Axes. —Tt has already been stated 


407. Primary and Secondary 

(Art, 406) that thore are two directions, namely, those normal to the eireular 

Sra potions of the inctrx (88,878 Fg. OO) which, ar of uch 8 char 
or ‘acter that 


ight having Its wave-normals 

to them travels in the erystal with 
‘uniform velocity. These two directions bear 
#0 clove an analogy to the optic axes of a 


called optic 
tires, nd the erystals here considered are 
hence named biazval. Tn Fig. 602, which re~ 
Frente roms cco of the wnveurasen 
‘the plane of the X and Z directions, these 
‘optic axes have the direction SS, S'S normal 
to the tangent planes tt, (1, and the diroo- 
tion of the external wave fs ven by the nor- 

mal So (Fig. 607). 
the directions men- 


toned are thors of {he mary azes, 
for there are alo two other somewhat tial: 
1 ert eee ae 

‘the sake of distinction the optic 
‘ares, ‘The properties of the latter direetaons are obvious from the following: 
Steen of Ua we-surface shown in Fig. 602 (also. in Fig. 

ee wave-surface shown in Fig. enlarged 

607), corresponding tothe axial plane XZ iti wen thut the cielo with radius 


302 PHYSICAL MINERALOGY 


J intersects the elipss whose major and minor axes are * and > in the four 


points P, P, P', P', Corresponding to these direetions the velocity of 

gation is obviotaly the same for both rays. Hence within the erystal these 
Faye travel togettior without double refmotion.. Since, however, there is 
Bo common wave-fraot for these two roys for the tangent for one ray is 

sented by mm and for the other by nn, Fig. 607) they do suffer double refrac 
tion on emerging, In fact, two external light-waves are formed whose directions 
‘are given by the normals Pu and Pr. These directions, PP, P’P’, therefore, 
have riley enor tre, nod whenever, i Uh pgs flog, ops 
axes are: of, they are: t imary optic axes, that is, those 

the directions SS, S'S" or OS, Fig. 607, In pructioe, however, a3 


remarked in the next article, the angular variation between the two sets of 
fixes is usually very small, perhaps 1° or les. 


normal, It is obvious from a consideration of the indi 
it Reali te. res: scotia kad coesicn of 
to them, will vary with s yarintion in the relative values 
‘As already stated the index f is not an arith- 
‘metioal mean between a and + but may at times be nearer to a than to 7 or the 
reverse, A# these relations change, the shape of the indieatrix and the po- 
dition of ita circular sections and the angle between the optic axes will alao 
‘The mathematical relations between the optic axial angle and the 

principal refractive indices aro given in tho next article. From the aboye it is 
Obvious that for certain relative values of the refructive indices, the optic 
angle must be 00°,* Such « ense, however, ix rarely observed and when it 


‘The axial angla will equal 00° wher) the indioes satisfy the following equation: 
ae ar 
Ce la ae | 
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‘occurs it is true for light of « certain color* (wave-length) only and not for 


others. 

‘The X and Z optical directions bisect the angles between the optio axes 
and re therefore known. as bisectrices. "The one that bisects the seute axial 
angle is ealled the acute bisectrix (or Hz.) while the one bisecting the obtuse 
‘angle is the obluse bisectrix (or Bx,), If the word bisectrix is usod alone with- 
‘out special qualification it is always to be understood as referring to the acute 


may be the acute biseotrix. If X is the acute bisectrix the 
‘to be optically negative, while if Z is the neute bisectrix it is 


jen approaches, that of the prolate 
aria Lis (Fig. 683, p, 281); this 


fr 
‘the other hand, the optic axes wil le nearer to X than to Z— that is, 
be the bisectrix — if the valuo of the mean index 0 is nearer to that 
to that of a, Such a crystal, for which Bz. = X, is called optically 
egative. Tn this case the smaller the angle the more the ellipsoid approaches 
Pett n unhurt of the negative Ustusal cryatal (Fi 886, D283), 
‘The following are a few exazuples of positive and nogative biaxial erystals: 


Peaitive (+). Neeative (—), 
Sulphur. Aragonite 
Enstatite, Hypersthene, 
‘Topaz. Museovite, 
Barite. Inve. 
Chrysolite, Epidote. 
Aibite. Axinite, 


410. Relation of the Axial Angle to the Refractive Indices. —If in a 

iven cage the valuos of a, 8, and 7 are known, the value of the interior optic 
‘axial angle known as 2V (see also Art, 418)'can bo calculated from them 
boy the following formulas: 


S 


Tn the majority of cases, the difference between  ~ 8 and 6 ~ a is small, 
ad then 6 close 9 tion to the value of 2V can be obtained from the 
formule tan ¥ = V/2—S. But in any one, the results of much ealelations 


are malty aot hah accurnte ince a ht arnton in the values of he 
{nvlices of refraction will yield & disproportionate change in the vale 
calculated angle. 


* For danburite axial angle = 80° 14° for groom (thallium) an 9)" 14/ for hue (CuSO. 
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Examination of Bioxial Crystals in Polarized Light 
411. Sections in Parallel Polarized Light with Crossed Nicols. 
Interference Colors. —Thin sections of biaxial erystals when oxamined 
between crossed nicols in general show some interference color. This eolor 
will depend upon the following factors; the Uucknes#: of the section, —the 
thicker the section the higher the order of color; the bingringence ofthe mub- 
stance, — the higher the birefringence (i.e., the greater the difference between 
‘the values of a and 7) the higher the order of color; the optical prientation of 
the section, — in general, the nearer the section oomes to being parallel to the 
‘optic ane, in which lie the vibration directions of the fastest and slowest, 
rrays, the higher will be its birefringence and the order of its interference color. 
ee Directions. A section which i genera i oloed wil show, 
& complete lution on the microscope stage four positions at 90° 
intervals in which i appears dark, ‘Thowe ae the position of extinction, or 
are those positions in which the vibration planes of the section colneide with 
‘those of tho nicols. When the directions of extinotion of a section are parallel 
for at right angles to a crystallographic axis or to the trace, upon the weetion, af 
‘8 crystallographic axial plane it is said to show parallel extinction. If the 
‘extinction directions are not parallel to these erys- 
tallographie drvetions the extinction is aad to be 
inclined, 


For example, in Fig, 608, let the two largor 
arrows represent the vibration direo- 
tions for the eh j, and between which #uy 
a section of a biaxial crystal, abcd, to 
Binoed 00. thet one ees of b kaota ortwtalice 
ey plane coincides with the direction of one 
of these lines. ‘The vibration directions of the seo 
ion are indicated by the dotted arrows and as in 
this position of the section these direotions do not 


tions in the ite makes 
rystallogaphic sige od; Teo called the atihaton anaee 


tion. This is most commonly done with microscope which is provided with 
revolving stage having a graduated circle for measuring angles of rotation, 


{In order to measure an extinction nngle it is of course to be able to 
Jocate in the section some definite ic direction is usually 
wided by some crystal outline oF cleavage crack. This crystallographic 


(CHARACTERS DEVENDING UPON LIGHT 305 


determining 

the point of extinction until the firsi faint illumination is observed and then 
Lack in the other direction until the sume strength of illumination: o¢ours, 
‘The point half way between these two positions should be very close to the 
point desired, The measurements should be repeated a number of times and 
the average taken, Tt is also advisable to make the measurements on both 
ido of the position of the erystallographie direction. ‘The ilumination In 
most. cases had better be in the monochromatic sodium-light, 

‘Various devices are used nt times in order to incrense the acourney with 
which the position of maximum extinetion can be determinied.* ‘The sensi- 
tive tint is sometimes used for this purpose, If this is inserted in the diagonal 
slot of the microseope tube below the analyzer the field will be uniforml: 
colored red of the first order when the section on the microscope stage is at 
the position of extinetion, But if the section Is tured, even very alightly, 
from this position it will aleo affect the light and change tho interference 
color obgerved. ‘The sensitive tint in specially favorable eases can be tise 
in this way to advantage but it hia beott shown that in the majority of uses 
its use doos not materially increase the accurucy of the measurements. 

‘The power of quarts plates cut normal to tho vertical erystallogrwphio 
axis to rotate the plane of polarination of light (wee Art, 402) Iv used in other 
devices to increase the accuracy of the measurement of the angle of extinction. 
‘Tho Bertrand ocular contains four such sectors of quartz; two of these placed 
diagonally opposite to each other ure from « right-handed quarts while 
the othor two are from a left-handed crystal. This ooular is inserted in the 


the riaroseope tube and a lool prim mounted tn an supropriate holder ix 
in various positions 


too 
quadrants, see Big. 600, But when the plane of the cap 
lool exctly nt right ange to the plane of the polarizer 
refracting tnineral be placed on the stage of the miorosoope 
with its vibration directions parallel to. those of tho nicola, 


the section is turned from its position of extinetion its bine _Bereand Ovular 


* Datu loc of howe rio devices with comet on thin, accurate 
sven YF. Weal in Tne Methods of Petogespile-Mirononle Hamar 
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from a left-handed and the other from # right-handed orystal. Above these 
are placed two wedges of quartz, « right-handed wedge above the left-handed 
te, ete, At the point where the is equal in thickness to the plate 
th there will be zero rotation of the light and between eragsed nicols this 
will produce 8 dark line across the field. As the distance increases from this 
point the amount of rotation of the light increases equally but in opposite 
tlirections on either side of the central dividing line of the plate. Both halves 
of tho plate will be equally illuminated if the mineral section is in the position 
of extinction, but if the latter is turned 0 that it adds or subtracts its bire- 
fringent effect to or from that of the quartz plate the two halves become 
dilfereniy illuminated, By, moving, tho pate in or out a position can bo 
Tound where this change in illumination is most marked, ‘This quarte plate 
is used with « special ocular provided with a alot in euch « position that the 
‘quarts plate may be introduced into the microscope tube at the focal plane 
of the ocular and with the medial ling of the plate parallel to the plano of vie 
Ubration of the polarizer. A ap niool is used above the ocular. 

‘413. Determination of the Birefringence with the Microscope. — The 
value of the maximum birefringence (7 ~ a) is obviously given at once when 
the refractive Indices are known. It can be approximately estimated for 
section of proper orientation and of measured thickness by noting the inter- 
ferenoe-color ws described in Art. $63. 

‘414. Determinatign of the Relative Refractive Power. — ‘Tho relative 
refractive power of the two vibration-direetions in thin section is readily 
Tntermined with the onleroseope (in parallel polarized light) hy the method of 
Compensation. ‘Thais applicable to nny section, whatever t orientation and 
‘whother uniaxial or biaxial. ‘The mothods employed have already been 
described in. Art, $64. 

A-crystal-section is said to have tive elongation if its direction of exten- 
sion approximately coincides with the ether-axia Z; if with X the elongation 
tanogeltee “Tho akene terms nre also sed in general, wecordiay tothe relative 
refractive power of the two directions. 

‘416, Determination of the Indices of Refraction of a Biaxial Mineral, — 
‘The indices of refraction of biaxial mineral re determined by the same 
methods as outlined previoualy, see Art, 339, the only modification introduced 
being necessitated by the fact that three principal indices, «, 8, and y, are to 
begaemniod, [Sar ae 

feasurement An fraction leans of Prisms. —Two or 
aves tees th he to dotermie the thtoe edies. Hf three promos 
fare used they are cat so that their edges are parallel respectively to the 
X, ¥, and Z directions of the mineral. In the ease of an orthorhombic mineral, 
in which these directions are parallel to the directions of the three orystallo- 
graphic axes, the prism edges would have to be respectively parallel to the 
@, B, and ¢ crystal axes. In erystale of the monoclinic and triclinic 9 
the proper orientation of the three prisins is a matter of considerable difficulty, 
ach sueh prism wil Viel two refracted and polarued rays but only the one 
‘whose light haa ita vibrations parallel to the edge of the priam (to be. deter- 
tained by the use of a nigol) is considered. In certain cases all three indices 
mony be obtained from two: If one prism is cut so that not ‘isits 
tage parallel to one of the directions X, ¥, and Z bub so that its medial plane 
Seniaina not only his dretin but one oer, then by the uso ofthe method 
of minimum deviation an index may be dete from each of the two 
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refracted rays. Or with small angle prism out ao that one of its faces con- 
tains two of these directions the co ding two indices muy be determined. 
when the method of perpendicular incidence is used spon this face, | In mak~ 
ing these measurements it is important to note the crystallographic directions 
parallel to which the different rays vibrate. In this way the optical orienta 
tion in respect to the crystallographic directions can be determined. 

Method of Total Rejlection. —'The method of total reflection for deter- 
mining the indices of refraction of a biaxial mineral has the obvious advantage 
that only polished plates of the mineral are required instead of earfully om 

lato will give with the total 
refractometer {wo boundaries of total reflection, Both of these shadows move 


to the maximum nnd minimum positions of each boundary. ‘The largest and 
for the greatest an 


‘416, By Immersion in Liquids of Known Refractive Index. — "The mothoda 
employed ro similar to those described in Art, 380, In the ease of biwxial 
minerala, however, it is important, if possible, to determine to what vibration 
direction the index determined belongs. If the mineral bresks up into, it~ 
regular grains 40 that in a number of graine studied practically every optical 
orientation should be represented, the highest and lowest index values de~ 
termined io a series of observations should at least approximate to the values 
for and 7, Further, if itis possible to obtain interference figures (see Art, 
417) from ‘the individual grains, those giving centered figures will yield tho 
index 8 (from the vibration direotion normal to the trace of the axial plane) 
and either a or, The index 8 will be given by any grain which lies perpen- 
dicular to the axial plane, whether its interference figure is centered or not. 
‘Such a grain can be ized by the fact that in <he interference figure » 
ling joining the pointa of emergence of the optioal axes (whether they lie 
within or outside the field) will in all eases pass through the center af the 
fiold. In case the mineral being studied has one or more good, cleawnges, 
the individual grains wil in general lie on the eleavago planes. | This limita 
the number of orientations available for study, but on the other hand good 
cleavage plane will often Iie parallal to one of the principal sections of the op~ 
tical structure and therefore give definitely the values of two of the indices 


‘When the axial 
* the plane including the two optic axe, Iles parallel to the direetion of 


‘bation of the Bolariser the figure is similr to that of Pig. 610 4. When 
ise te diceatans ‘ure inelined at a 45° angle the figure is in 
i, B10 


ist ennsider the interference figure in the parallel position, Fig. 610 4. 
aod phen vowel tn mancehremalilights” It a Peainal putlade faerie 


‘Biaxial Interference Figures 
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ah 

haye its own particular plane of vibration. ‘The direct the planes of 

vibration for light from the section at any given point can be 

Approximately found, ae explained in Art, 406, by bisecting the angles made 

by two lines eo tis point with the two points of ‘of the 

optic axes. Fig, 611 shows how of vibration of the two rays 
i 


Mibration vary over the field and consequently some 
parallel or very nearly ao to the planes of vibration of the nicol prisms. 
{this happens the light is extinguiahed and darkness results, 


tho formation of the black barn of the interference Figure. Fig. 612 shows the 
bars in the crowed poston and Fig wien separated ints the hyperbola 
farms," As the seetion is turned the’ vibration directions of new pola suo- 
Cuma rely Dooutoo praliel to the planes of tie iloota and 9e the dark bars sweep 
find curve neroan the fold. 


ani high birefringence, the nua 
of colored curves (when the figure is viewed in daylight) is groater than with 
«6 thinner section or one with low birefringence. Au instructive experiment 


Tn most rock aoctions the minerals are ground 0 thin that their interferenee. 
figures do not show any colored curves but rather only the dark hyperbola 


ill commont tae ie merce Sell 15 the ili eat 9 ates 
arms: ‘as the sect rough into the parallel position, form 
crows, and then aa the section is further revolved wl ea 
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‘use in the optical examination of mineral. Sections which will furnish them 
are easily found by: noting those sections of the mineral that remain dark or 
nearly g0 diring their rotation between eromed nicole. If the single bar 
shown in such « figure exhibit a decided curvature it indicates that the 
dlrtion of the aauta bacoris le not vary much inclined to the plane of the 
section and consequently its character, X orZ, can be determined by 
noting the character of that extinction direction which symmetrically bisects 
tho curve (gee Art. 422), From this observation the positive or negative 
character of the mineral can be determined. In row C, Fig. 614, is shown » 
ai peril so tke Su pan cram ety Goda nteterence Equa 
cut lel to the not give a decisive interference 

Often it is difficult to distinguish it from the figure obtained from a section 


what opposite quadrants the other two arms disppear. larger the 
Optical angle of tho eryetal the more slowly they wl leave the field ‘The 


‘which show colors ofs lower order at equal distances from the center of the 
figure will be the direction of the aoute bimeetrix. Such an {nterference figure 
{often callod a “flash Bure,” Tt must, however, be emphasized that eases 
‘ane frequent where It ia extretndly diffinilt, If not'impossible, to distingutals 
between the flush figures of uniaxial and biaxial erystale (see also Art, 400), 

418. Measurement of the Axial Angle, — ‘The dofermination of the 
made by the optic axes jx most accurately accomplished! by tise of the instru 
‘ment shown in Hig. 615. .'The section of the erystal, cut at right angles to the 
biseotrix, is held in the pincers at p, with the plane of the axes horizontal, and 
making hn sngle of 45° with the vibration-plune of the nicole. ‘There is 
crome-wire in the focus of the eyepiece, and as the pincers holding the section 
are turned by the seow a the top (hete omitted) one of the axe, that Ione 
bineke hyperbola, is brought in coineldenos with the vertical eross-wire, and 
then, by a furthor revolution, the second. The angle which the settion has 
‘been turned from one axin t6 the second, a& rend off at the vernier on the 
graduated circle above, is the apparent angle for the axea of the given erystal 
‘aa seen in the sir (aca = 2F, Fig. 616). It is only the apparent angle, for, on 
posing from the atti of the erytal othe alr, the gue axial ung 8 mone or 
jess increased, according to the refractive power of the given erystal.. ‘The 
reevion beleen the real Interior angle nnd the meanired nngle i given 

ow. 

If the axial angle is Inrge, the axes may suffer total reflection, In this 
cus some oll or liguid withrs high refractive power is inte ‘hint the: 
‘axes will no longer be totally reflected but into the tiqui 
Into the air, In the instrument described small recoptacte hold 
brought between the tubes, as pen in the firire, and the pincers holding the 
section are immersed in this and tho angle measured ns before, 

Tn the majority of eases it is only the acute axial angle that itis practicablo 
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to measure; but sometimes, especially when oil (or other liquid) is made use 
Of, tho obltleg angle nn sino bo determined Us Stood Sotdhorsonealrey 
the obtuse bisectrix. 


If B = the apparent semincute axial anglo in air (Fig. 610), 
he ‘ cater 
semi-obtuse angle in oil, 
the (ral or intron wean nn 
tho (real or interior) semi-obtuse angio, 
refractive index for the oil or other medium, 
f= the intermediate refractive index for the given erystallined sub- 
‘stance, the following simple relations eon- 
neck the various quantities mentioned: 


j-8* angle in air 
rofractive i 
Ie 
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microscope . aa the sine of the angio which the ra; 
a ie rh the St oft mere Ti Afton! equa fre dase 


at 
‘Mallard 
valle of ibe atl il th rue le 
ce between the the microscope 


{fet of oe ur To nn sto ae aye tert yen 


‘of an instrument kown aa the apertoneter. ‘The measurement of an asial gle 


of the microscope iv naturally mont enaily necomplished when the pointe of emergence of 
toll optic axes are visible in the eid. It ie pomble, however, by various i ‘oth 
ion 

tom 

ot 

boy Federoy, in a 


fon top obi te 
By. 
all 


yovemary to havi thin 
‘ube metbod of knvestigation the 


‘ender is referral Lo the literature given below. 


421. Determination of the Optical Character of « Biaxial Mineral from 
Its Interference Figure. Use of the Wedge. —If the section ix 
turmed \intil ite interference figure is in the 45° position and then the quarts 
‘wedge interted above the section through the 45° slot in the microscope tubo 
the vibration dircotiona of the vection along a line that joins the optical axes 
and a line at right ungles to this through the center of the figure will be paral- 
Jel to the vibration directions of the quartz wedge. Under these eireum- 
stances the effect of the introduction of the quartz wedge will be to gradually 
increase or diminish along theso lines the birefringence due to the section alone. 
If the directions of vibration of the faster and slower rays in the quarts coin 
cide with the vibration directions of the similar rays in tho section, the total 
birefringence will be increased and the effect upon the interference figure will 
be ns if the section had been thickened, Complete interference will take placo 
with rays of loss obliquity and the colored curves will be drawn closer together, 
‘They will move, a8 the quarta wedge is pushed in over the section, aut indieated 


= . of ie Tewarehy snd 
Aw deh" B17, TH; Uehanovn, Manual Wf Petropghie Mcuwsay Phomter 
M Gea, 1004, 
vat ote ‘Manual of Petrogeaphic Methods, p. 3M, List of roferenses ta the origi 
sirgie, ‘Tho roeanurement of the opti axial ng of wnerale in thin metion. Ame. 
> Sandia 


Bettis of Optical Mineralogy, 200, 1028. 
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the arrows shown in Fig. 617. On the other hand, if the quarts wedge is #0 
that ta optieal orientation ls opposed to tht of the 
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more or leas curved, that rotates as on 


rately such cases are rare, In this interference 
figure (Fig, 619) tho trace of the axial plane bisects 
tr tangent volt Light eeeriny et pte bupand ha f the Bold in 
is tas it to it. it ‘at pointe the center of 1 

the ‘direction of Fysiotes bisoetrle on ihe convex. ido of ‘the curve) 
would have ong ofits vibrations parlil to ¥ and te other inlined toward 


mineral parallel to the optical axial plano, 
file ao Pana represen fa th fe 

is, a8 PP, and is represen ro 
the line C-C; which lies in the eireular section of 
the ellipsoid. ‘The direction ¥ is normal to the 
plane of the figure at its conter, O, and is alway 
fone of the dinmeters of any elliptical section of 
indjeatrix that is normal to the axial plane. Light 
{is passing through this section an 0 cone of ra 
with varying inclinations. Therefore, for tebe 
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rays in directions between the lines P-P und X-X will have their 
Yatiblesemi-diameter inereasing from the length O-C (jc, Y) to the length 
0-2. In other words, light with such directions will have the muy whieh 
vibrates in the wxial plane more nearly of the same velocity as the vibrations 
long the acute biseotrix. ‘Therefore it it possible to determine the character 
of the seate and obtise hseetries from the figure and so the optical sign. 
The comparative velocities of the two vibrations on either side of the 
may be determined in various eases by the use of the quarts wedge, rica plate, 
Sr senitive tnt 1f the senative ent ean be used, the portions of the Bgure 
along the tee of the axial plane and on either sid of the hyperbola bar wil 
be colored yellow or blue. Knowing the orientation of the sensitive tint it is 
eaxy (o determine whether the ray vibratiog in the axial plane is faster or 
Slower than the ray vibrating parallel to Y, and so establish the character of 
the two biseotriens. Tt is only o remember that the color on the 
convex side of the hyperbola toward the acute biseetrix will establish the 
charter of the obtuse biscetrix in relution to ¥, and vice versa. With & 
mica plate, dark spot will appear on ane side or the other of the hyperbola, 
{In she portion of the figure in which it appears the vibrations inthe mineral 
‘ection and the mica plato are opposed to etch other, When the quartz 
wedge ie uscd, eolor bands will move toward the point of emergence of the 
optie axis in ohe half of the figure und away from it in the other. ‘The move- 
ment of colur bands toward the optic axis means correspondence between the 
optical orientation of the quartz wedge and the mineral section, and move- 
ment away from, the optic axe indientes opposition, 

423. Absorption Phenomena of Biaxial Crystals. Pleochroism. —Col- 
fored biaxial erystals like similar uniucxinl erystals may show different degrees 
or kinds of absorption of the light passing through them depending upon 
the direction of vibration of the light, In tnaxial crystals there may be three 
different dexrece of ubsorption corresponding to three different directions of 
‘vibration lying at right angles to each other. In general, these directions co- 
incidle with the optical direotions X, ¥, and 2. Variations from this par 
iam may be observed, however, in crystals of the monoclinie and triclinic 
systoms. It ig customary, however, {0 describe the absorption ae it is ob 
erved parallel to the directions X, ¥, and Z. If light vibrating parallel to 
Xin the most abanrbed nd ght brit parallel to Z the lest absorbed 
these fucis are expressed as X > ¥ > Z. There are various other possibili- 
ties, such ne X> ¥ = 7, Z> X > Y, ote, Further, necording to the kind 
of selective absorption, the crystal may show distinetly different. colors for 

it vibrating in the different disoctions, or in general show pleochrotem. 

¢ character of the pleochroism ig stated by giving the colors eorrespond= 
to the vibrations parallel to X, ¥, and Z. "For instance, in the ease of 
‘ebeckite, X = deep blue, ¥ = light blue, Z— yellow-green. I order 10 
investigate the absorption properties of a biaxial erystal at least two sections 
must be obtained in which will lie the directions X, ¥, and Z, "These soc 
tions ure examined on the stage of the polariscope or misruscope without the 
upper nicol, ‘They will show os they are rotated upon the stage variations 
in nbsorption and in colar 2s the light passing through thems vibrates parallel to 
first one and thea the other of their vibration directions. See the disouesion 
of dichroism in uniaxin! minerals, Art, 404, 

When. section eut normal to ms optic ass of w crystal charneterizel hy 

of colealnpton in ound by the tu ane fr ith the tenga) ta megs Ea 
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‘Emi ten home th eo oc Age st of antacn 


a 
aA oes gc caused by the hit being ciferently adword a k ane 
‘rye the nection th ert eee feta, 


icon sbecrved in biotite, solite, sndalusite, pyroxene, hornblende, tourmaline, ete. while 
the included eeyatals belong to allanite, rutile titanit, sireon, apatite, ete. 


Special Optical Characters of Orthorhombic Crystals 


424. Position of the Ether-nxis,—In the onruonuomerc system, in 
accordance with the symmetry of the crystallisation, the three axes of the 
indicatrix, that és, the directions X, ¥, and Z, coincide with the three erystal- 
lographie axes, and the three erystallographic axial planes of symmetry cor 
respond to the planes of symumetry of the ellipsoid, Further than this, there 
is to immediate relation between the two sets of axes in respect to magnitude, 
for the reason that, as has been stated, the choice of the erystall 
axes is arbitrary so far ss relative length and position are concerned, 
made, in most eases, without reference to the optical character. 

Sections of an orthorhombie erystal parallel to # pinacoid plane (a(100), 
(010), or c(001)) apy ‘dark between crossed nieols, when the axial directions 
toineide with the vibration-planes of the nicols; in other words, euch sections 
show parallel extinction, 

“The same is true of all sections that are parallel to one of the three erys- 
tallographic axes, £., sections lying in the prism, macrodome and brachydome 
sones. Sections, however, that are inclined to all three erystallographic 
.,, pyramidal sections, will show inclined extinetion. 

i ‘of the Plane of the Optic Axes. —‘The plane of 

Mi op at Ut te plane including the directions X and Z, must be 
I to one of the three pinacoids. Further, the acute biseetrix must be 
hormal to one of the two pinacoids that are at right angles to the optic axial 
line while the obtuse bisectrix is normal to the other such pinacoid. ‘The 
iptical orientation, i.., the relation between the principal optical and crystal~ 
lngraphic directions, ean be easily determined by the examination of sections 
‘of a erystnl which are eut parallel to the three pinacoids. ‘To illustrate by 
fan example, fet it be asmumed that such sections of tho mineral aragonite are 
available. "These aro represented in Fig. 621 A, B, and C. If the relative 
characters of the vibration directions of each section are determined it will be 
found that light vibrating parallel to the c sxis in sections lel to (100) 
and (010) is in both eases moving with the greater velocity, that light vibrat— 
tg pale othe bain (100) and (001) in bot ese the slower ray, and 
that light vibrating parallel to the a axis is the faster ray in (001) but the slower 
ray in (010)... From this itis seen that the a nxis must coincide with the direo- 
tion of vibration of the ray having the intermediate velocity, or be the same 
tthe optical direction Y Also foown that the oasis X and the b axis 
= Z.. ‘The optie axial plane, thorofare, since it mut include X and 2, lies 
parallel to (100). Hf the sections parallel to (001) and (010) are examined in 


. 
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wwergent light both will show biaxial interference figures with the points of 
Soergance of tbe optic axes lying as illustrated in B and C, Fig. 621, 

axial angle observed with the soction parallel to (001) is much amualler than 
‘that obtained from (010). Consequently the acute bisectrix is normal to the 


eat 
co ae 
x x 


oy 


7 
‘Optics Crnntation of Arsenite 


base (QOL) and sinee it is the direction X' the mineral jx optically negative, 
Livy facts of optics) orientation may be summurized in the states 
‘optically —, Ax. pl, || (100), Bx, 1 (001), 

426. Dispersion of the’ Optic Axes in Orthorhombic Crystals. — In 
determining the indices of refraction of a eryetal by means of the prism method 
it isto be ated than he im ene ray is rt wen ine foie ay 
will in general show this white light dispersed into its primary colors, ‘The 

- ‘Amount of this dispersion is usually small 
‘but in certain substances becomes consider- 
able. Obviously since the angle of refrac- 
tion varies in this way with the different 
wavelengths of light the indices of reftue- 
tion will also vary. tn biaxial minerals, as 
already stated, optic axial angle is di- 
rectly dependent upon the relative values 
of the three indices of refraction, a, 8, and 
7_ As thesy indices may show considerable 
differences, depending upon the wave-length 
of the refracted ray, it follows that the optic 
axial angle will also vary with the color of 
the light used. Th other words, the optic 
aces may be dispersed. Fig. 623 represents 
eons a ae eee angle batvean the: 
ate ‘optio axes for red light is greater than that 

Senet ein for blue. The opposite condition may hold, 
in whieh the angle for boo by grnter than for g Fram the i Tallow 
‘that tho interference when observed in blue twill not exnet 
olsehie With Gaal peotical bp tod NC he bee ee figures 
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«will be the same but the position of the points where the optic axes emerge 
‘will be different and consequently the positions of the hy ‘and lem- 
hhiseate curves will also be different, In the case of orthorhombic erystals the 
Aispersion wil always be ‘symmetrical to the two symmetry planes of the in- 
dientrix that pass through the acute bisectrix, i.e., the directions MM aud 
N-N in Figs 623 and 
624. ‘This particular 


tule of other systems. 
The two possible cases 
of orthorborabie disper- 
sion are shown in Figs, 
623 and 624. In. ex- 
pressing these two eases 
the Greek letters p (for 
red) and v (for violet) 

are used, When the axes for reid light are more dispersed than those for 
bblue tat fact is expressed as p > v of in the reverse case it is p <v. 

‘In the majority of cases the effect produced upon the interference figure 
by the dispersion of the optic axes is too slight to be noted. In exceptional 
cases where the amount of 1 is large the effects are clearly seen. "The 
hyperbola burs, which are ordinarily black throughout, will, whet: the figure 
is observed in white light, be seen, near the center, to be bordered on one side 
hy a red fringe and on the other by a blue one, The first one or two of the 
colored lemniseates will also be broadened out along the line joining the two 
Optio axes. As already stated these changes in the appearance of the figure 

will always be symmetrical 


Ld Ld in respect to the traces of 
4 the two symmetry planes 
| lying at right to 


cach other. In the vase, 
Fig. 623, where the axes 
for red light are farther 
apart than those for blue 
{o> 0) the hyperbola ia 
interference Bgure for 

the two different wave- 
Tengths of light will not eo- 
incide and the ones where 
‘Orthorkcenbie: thered light isextinguished 
— will be farther out than 

those for blue light, When red light is taken out of the white light, blue 
remains, and conversely when blue is subtracted the resultant color is red. 
Consequently in this ease the hyperbola bars will be bordered on their con- 
cave sides by blue snd on their convex sides by red, Fig. 625, In the other 
ease, where p < v, tho hyperbolas will be bordered on their concave sides by: 
red ind on their’ convex sides by blue, Fig. 626, In other words, if blue 
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the Is it means that red light has been eliminated 
seu ait bere ma 
for blue, ete, 


Special Optical Charactera of Monoclinic Crystals 


427. Optical Orientation of Monoclinic Crystals. —In monoclinic crys 
tale there is ono axis of aymmetry, the b crystallographic axis, and one plane 
of symmetry, the of tbe a and € crystal hic axes, ‘These are the 
cniy eryataliopraphte elements that are Gokaltaly tied in position, One of 
the three chief optical directions, X,Y, or Z, is coincident with the b erystal- 
lographie axis, while tho other two lie in the ‘ymmotry plan, (010, but not 

to any crystal direction, ‘There are obviously three possible cases, 
If ¥ coincides with the axis b (and this is appar- 
ently the most common case) the directions X and 
% will lie in the ial symmetry plane, which 
therefore becomes the optic axial plane. If X or 
Z coincides with the 6 axis. the optic axial plane 
will be wt right angles to (010) and either the neute 
or obtuse biseetrix will be normal to that plane. 
‘This clino-pinacoid of a monoclinic tal is usu 
ally the best plane upon which to sta y its optical 
orientation, Fig, 627 represents such « seetian 
cleaved from an ordinary crystal of gypsum, The 
cleavages parallel to (100) and (111) will serve to 
five its crystallographic orientation, Exurnination 
‘of the section in convergent light fuils to show a 
distinot interference figure, consequently it is to be 
assumed that the section itself is parallel to the 
optic axial plane and that the direction Y is nor- 
M1 the section. When the section is rotated 
on the microscope stage between ctossed nicole its 
extinetion directions are seen to be inelined to the 


‘Optical Oteatation vf Gyesuse 
direetion of the carystallgraphie xia, the ange of inclination being measured 
chai 


a4 52)". Tho relative churacter of tho two extinction directions can. be 
caaly determined bythe use of the quarts. wee and se the potion of 3 
and Z established. In this way the orientation of the X, ¥, antl 2 directions 
ean be dotermined. Tt is also possible from this «ection to determine whether 
the mineral is optically positive or negative, I the section is viewed i con~ 
vergont light a somewhat. vaguo interference figure is observed. When the 
section iy turned from its position of extinetion it will be noted that faint dark 
byperbolas move rapily out of he Held. Careful obserstion will show tat 
ey disappear more slowly into one set of quadrants then into the other, 
‘The line bisecting the opposite quadrants into which the hyperbola bary 
disappoar more slowly is the direction of the nctte bisectrix, Tho X or Z 
‘character of this dircotion can be dotermined und from this the positive or 
egative character of the mineral, In similar way the elino-pinacoid section 
‘of erystale belonging to the two other possible elusses would yield data con- 
terniog their optical orientations 
424 Extinction in. Monoclinic Crystals. —Since only one of the three 
principal optical directions, X, Y, or Z, of x monoclinie crystal coincides with 


CHARACTERS DEPENDING UPON LIGHT 321 


crystallographic sxis, numely the symmetry axis ¥, it follows that only sec- 
tions that ire parallel to this axis, t., sections in the orthedome zone, will 
show parallel extinetion. All other sovtions will exhibit inclined extinction. 
io 429, Dispersion in Monoclinic Crystals. — As 
previously atated there are three possible optical 

rientutions of a monoclinie crystal. In the first 
‘ease the vibration dineetion ¥ coieides with that 
of the symmetry axis b and the optic axial plane 
coinvides with the gymmotey plane (010). Ln the 
‘other cases cither the vibration direction X or Z 


Inclined Dispersion, Inétined Dispersion » > v 


coincides with the erystallographic axia b and the optic axial plano is at right 
‘angles to the eryatall phic symmetry plane, Undler these conditions either 
the acute or obtuse bi ix may eoin~ 
aie with eae Each of the 
ree possibilities luce a differ- 
Sal kind of digeonayee oR aod. 
emphasized that the phenomenon of dis- 
persion is seldom to be clearly observed 
End then eommomly only ta unuaally 
eae al Dlepesiona 
Incl .— Ine 
clined dispersion is observed in the ease 
where the direction Y coincides with the 
axis b, ‘This is illustrated in Fig. 628, 
Tn this cave. not only: may. the axial 
angles vary for light of different. wave 
longths but the bisectrices of these angles 
may lie along different lines. 86, here, 
both the optical axes and the bisectrices 
may be di |. In Fig. 628 with p> v 
‘the single between the optio axes for red 
light ix greater than that for blue. But 
beeause of the dispersion of the biseo- 
‘rives it follows that on one side the point 


Horirontal Diraesten 
ot emergence of the optic axis for red light les beyond that for blue, white 


on the othnr side the conditions are reversed. Also the optic axes for red 
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ne wil! be farther apart on one side of the interference figure than on 
{hs ouner ada” With thir sort of clepoion wo interference eure wl be 
‘aymunetrical only in respoct to the line which is the trace upon the section 


Horueutat Diperton p> 


of the optic axial plano, NN, Fig, 620, but le unsymanetrical to the line at 
Tht angles 10 it, MEM. 

Tnelined dispersion is shown in the interference figure by the fact that the 
colored borders to Uv hyperbola bury ato reverse) in the tWo cases, te, It 
Lihue is on tho concave side of one, rev will be an the concave sido of the other. 
Further, the amount of dispersion shawn fe much greater with one bar than 
with tbe other. Fig. 680 represents 1 aso of Iinalined dsyersion, 

“Casa 2," Horieontal Dispersion. — 
In thie ewe the eryxtallogzaphie axa 
1 coincides with the obtuse biseetri 
which muy be either the X'or 2 aires: 
Hon, depending upon whether the erye 
tal ie optically postive or negative in 
character, In this ease the tion 
Of the objuse bieectrix i fixed for ight 
of all wavelengths. ‘The angle 
‘tween the optic axes may vary and 
further the position of the neute bisee= 
trix say vary’ s Tonya I es in the 
crystallographic symmetry. plane. In 
otber wards, the axial plnnes may be 
dispersed, see Fig, 631. ‘The points 
of emergence of the optic axes, when 
> for blue and ed light,’ mi 
therefore be like that shown in Fig, 
632," Te will bo noted that in this ease 
Ah terrence eure bt of 
=n coure from W section apprositnatel 
oem ere perpendicular to tho cute bisectre) ie 
smetieal to the line MMF but unsymmetsical in reepeet to the lige NON 
Fig. G85 shows the edt of Horkssblal dayandon tees she tea ace 


‘Case 3. Crossedt Dispersion, — In this case the erystallogrephie axis b 
coincides with the ucuto hiseetrix, which may be either the X or Z direction 
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depending upon the optical character of the crystal. In this case the direction 
Urtie guaie nets aie for ight of all wavelengths. ‘The angle Between 
the optic axes may vary and further the position of the axial planes for different 
wavelengths may vary as long as they remain perpendicular to the eryatal- 
lographic symmetry plane. A case of this sort is shown in Fig. 634, The 
points af emergence of the optic axes whon p > v for blue and red light might 
‘therefore be like that shown in Pig, 635, Ut will be seen that in this ease the 
figure is symmetrical to neither the line M-M nor N-N but only to the central 


rome Diaperlan #28 


nt of the figure, ée., the point of emergence of tho wcute bisectrix, Fig. 
shows the effect of crossed dispersion Upon the interference figure, 


Special Optical Characters of Triclinie Crystaly 


490, Optical Orientation of Triclinic Crystals.—Tho conter of the 
optival ellipwcidal figure coincides with the center of the aystem af erystallo- 
gmiphic axes but thore is no further correspondence between optioul anid erym 
tallographie directions, 

431. Extinction in Triclinic Crystals. — Since there is no parallel rela- 
tion existing between optical and crystallographic direetions iu triclinic erys 
va “Dlapersion in Trine Cryetai Because of the lack of 

% clinic is. — Because of the lack of eoinei- 
dunow botween any optical and erystallographie direetion in triclinic erytals it 
follows that the optio axes und biscetrices for different wave-levgths of light, 
may be dispersed lt any direction, Consequently the dispersion shown in 
fan interforonce-figure obtained from a triclinic erystal is irregular and without 
symmetry. 

433, ‘Suggestions as to Methods and Order of Optical Tests upon an 
Unknown Mineral. aration of Material. —'The size and ehiracter of 
the fragments or seetion of a mineral to be studied will depend upon various 
Siroumstances. . In the majority of eases it will probably be most convenient 
to erush the mineral into small uniform sized frngments. In other esses i 
Aleavage fake of the mineral will ere, and under all other gondtions it may 
bo preferable to eut an unoriontated or, better, an orientated section. For at 
Joust the preliminary examination small irregular fragments of varying orients 
tion will most often be ied. Tako w few of these mineral grains and plaeo 
them upon an object glass and inmerso them either in Canada balsam or in 
some oil with known refractive index and cover with a piece of thin cover 


324 PHYSICAL MINERALOGY 
nas. 


pam, f2 the mujority of eases It will prove more expeditious and eonven- 
i to place the fragments in an oll. 

Order of Optical Tests. — Bolow is given a brief outline of the natural order 
of observations and tests to be made upon the mineral. 


1. Observations in plane polariced tight sithout the upper nicol, 

4, Note color of mineral, whether uniform or not, 

b. By rotating slide on microscope stage teat for possible plevehroism, 
4 the mineral exhibits pleochroism it eannot be isotzopie. Con 
nett ap far as possible the directions of absorption with erystal- 
lographie directions, 

¢, Note erystal outline, if any; cleavage eracks, etc. 

d. Note any inclusions, their shape arrangement, 

& Inox of reaction” Determine approximately the refractive index 
Note character of relief and determine whether mineral has 
higher of lower index than the medium in which i¢ is immersed 
(cee Art. 380). 

2 Observations in plane polarized tight with croseed nicols, 

‘0, If the section is dark between crossed nicols and remains so during 
the rotation of the stage the mineral is either isotropic or ort 
entated perpendicular to an optic axis. Tn the latter eaae test 
ns indicated below under 3a, 

4b, If the section is alternately light and dark during the rotation of the 
stage the mineral is anisotropic. 

¢. Notes position of extinction directions, If they are inclined to some 
‘known erystallogesphie direction measure the angle of inclins- 


tion. 

d, Determine the relative character of the two vibration directions of 
the section (i.¢., the two extinction directions), as to which cor 
responiis to the faster and which to the slower ray. Test to be 
mado with quartz wedge or sensitive tint, see Art. 364. 

Find the grain showing the highest order of interference color and 
so approximately determine the strength of the minera’s bire- 
fringencs, 

f- By immersion in oils of known refractive indices determine se 
accurately as possible the range of the refractive indices shown 
hy the mineral. It may be possible in eonnoction with testa 
made under 3 to determine the values for certain of the prin- 
cipal refractive indices. 


8, Observations in convergent polarised light with erossed nicole. 

4, Note whether the mineral shows an interference figure, and if 90 
whether it is uniaxial or biaxial. = 

}. If mineral is uniaxia! determine the position of the optic uxia in 
respect to the plane of the given section and if possible determine 
the positive or negative character of the miners 

Tf the minoral is biaxial determine the position of the axial plane in 
Fespeck to the section. Determine, if possible, the positive or 
negative character of the mineral. Gbtaln, if possible, an approx 


imate ides a8 to the size of the axial angle, Note any evidences 
jon, 
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Note. — In making the above teats it is hefpful to keep, ns far as possible, 

1 graphic record of the resulta, something like that illustrated in Fig. 621, 
h harm eseme sey read 
weat- upon erystals ‘expansion, etc., are spol ter. It is eon 
venient, however, to consider bere, briefly, the produced by this 
means in the special optical characters. It'is that no alteration of 
the chemafeal composition takes piace snd no abnormal change in molecular 
structure. In general, the effect of a temperature change eases « change in 
the refractive indices, In the majority of cases the indices decrease in 
‘value with rise of temperature but in certain eases the reverse is true. Tt 
Is consequently important in any exict statement of a refractive index to 
give the temperature at which it was determined. ‘The particular facts for 

the diferent pti amt ae as flows: anit: 

1) Zeotropic erystals remain isotropic at all temperatures, Crystals, how- 
ever, which, like soda chlorate (NaCIO, of Class 5, fi, 88), show ereular 
polatization may have their rotatory power altered; in this substance it is iu- 
acs Cee ee ty cemainvaiatal ith rise or fall of tom) 

2) Uniarial mil wit or fall of tempera 
ture; the only change noted is a variation in the relative values of w and ¢, that 
its the strength of the double refraction. This incresaes, for example, with 
llcite and grows weaker with beryl and quartz. It is, further, interesting to 
note that the rotatory power of quartz increases with rise of teruperature, but 
the relation for all parts of the spectrum remains sensibly the same. 

(3) With Biazial crystals, the effect of change of temperature varies with 
the system to which they belong, 

“The uxal angle of biaxial erytala may Be mesrured at any roqurel temperature by the 
ise ds had ne Satin Uta paca FO) atest yea trent 
‘nile ee, sn allow of being heatodith gas-buruers, m thermometer iaerted 


Beh wi sal replat be temper apy by ae Thi Sh is 
wo petits, lowed wi tee, currenpanding to the two tubes carrying the leases, 
fand the eryatalection, held aa usual windows, 


i te piteer, lv seen through these 
ulate nacemiria tothe rftactometer tise alow’ of 
indies at different temperatures 


In the case of orthorhombic crystal, the position of the three rectangular 
otheraxes cannot alter, since they must alwayy coincide with the erystallo~ 
smphicaxes, The values of the refractive indices, however, may change, and 
Thence with them also the optic axial angle; indeed a change of axial plane or 
of the optical character is thus possible. 

With monoclinio erystale, one ether-axis must coincide at all temperatures 
with the nxis of symmetry, but the position of the other two in the plane of 
symimetry tay alter, and this, with the possible chango in the value of the 
refractive indices, may ease a variation in the degree (or kind) of dispersion 
nu well as in the axial angle. 

‘With triclinic erystals, both the positions of the other-axes and the values 
of the refmnetive indices may change. The observed optical characters may 
therefare vary widely. 

A stetiig example ofthe change of optical characters with ao fs 
tural by na investigated by Dea Clotsaux and recently by others At ordi- 
"ey tnean, apes lr te ope i pe CN an 8, = 0. 
AvTifepernture racy lange dnunan a Bally che silane booms cro oe 
apron rateleagth of lit) a6 ‘thou! 00°C.” Aluve this temperature the 

abe becons perpendicular ta b010) and the opera becomes horioetal 
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Another interesting case is that of glauberite. Its characters under normal con 
duione ar declbed flow plea “el Pit pre ei 
Berg Ac ee 5-0 dt Besa ¢ ace — a 10 Tha optical characte (>) and 
the Peniion of the axon slaty remain acon conmtant berween and 100% The 
nx. pl, however, wt firat 1 (010) with horizontal pile ox basianee oa tine OF 
waar |i elie eon p<. he sal te erry don 

‘ato temperature depeniing upon the wavedength and then increases in the new 
fis, Lie wemernture fr the unital condition wanes from 18" C fr bu Light, to 43 
for sodium light and 52° for lithium Hight, In white light, therefore, the interference-figuree 
fre borg stl change with se I teaperate. : 

‘Do Cotoux foun) that the f ren heated up ton certain point, mer 
chatgs tx the poniion of the axe, ni ifthe hee Becomen fester a bag Sonttaed 
they do not ren again to Shear cignal pein, tut remaitaters 


Tn addition (o the typical eases referred to, it ix to be noted that when élevs- 
tion of temperature is connected with change of chemical composition wide 
changes in optical characters re possible. This is illustrated by the zeolites 
snd elated species, where the effet of loss of water hus bees, particularly 
investigat 

Furthur, with some crystals hoa servos to bring about a change of molee- 
ar suai bod with tat lol change of optical charaaters. For exam 

the greenish-yellow (artificial) ortho ie crystals of antimony 
{Sb on beating (to about 114°) change to red unaxial hexagonal crystal. 

Note also the remarks made lnter in regard to the effect of heat upon leucite 
‘and boracite (Art. 441), 
435. Some Peculicities in Axial Taterferen 


tal, the characteristic interferes 
lation sieeve et 


igure of apophsllite it sotnewhat perullas, noe I 


is mative foe me part tthe 
wean asf Wasa ‘ryvain, cullantos are mone somone flowing are some 
‘Broskite optically + and the neue Mineetrix always normal to a(100), While, how 
hp aaa ly 0 fro if ie 


” 
ovr Sedo, wih 8p 0 Sh = 0 ote 
tony [10 Yorn ar bn wh 38g = "tenet ath 
oie evens ute seb rosin ato une tt oa es 
steele 

‘Titanite also gives @ peculinr interfnrence-figure with colored hyperbolus because of 
Abe high sloesiaperton, fps he version Geta ZR forte Sod tae Beet beta 
appraxirantely 101; the dispersion of the bisoctrices in, bowever, very staal 

‘The moat wtsiking eases of peruliar axial figures ars aduried by twin exyatale (Art. 48%), 


436. Relation of Optical Properties to Chemical Composition. —The 
effect of varying chemical composition upon the optical characters has been 
mimitely stidied in the case of many series of isomorphous salts, and with 
important results, It is, indeed, only part of the general subject of the rela 
tion between erystalline form and molecular structure on the one hand and 
chemical composition on the other, one part of which has been discussed in 
Art. 927. Tt sas shown there tha the refractive index ean often be approx 
imately calculated from the chemical composition. 


Anon mioerals, the most important examples of the relation between id 
gptical charactors ave aforded iy the ‘ect feKlpare of the llttesoertlate menos 
‘0 explained in detail in the daeeriptive part of thie work, the relation is so close that 


Variations in Use axial Gruner enbraced wuder Uke head of optical ancmalica 
syren of Tater (AT. 443), “ ae = 
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the composition of any inlermédiite member of this immorphots group ean be peedicted 
ie pe <i er ye th ate detons oh i 
yea am | : 
"The effect of varying amounts of tron protoxide (FeO) W itusratedt in the exse of the 
snonodlinie pyroxenes, where, Tor exauie, the, fg Teg can 2 arid (29 pet 
‘ent FeO) and 47" a hetehibegite (28 per Geat FeO). This x also ahiown in Use closely related 
‘rthorhumbis species of the sane group, eatatite, MgSiO, with little iron, nd hypersthene, 
{MaFeiSiO, with ron to nearly JD per cent. With both, of these species the ws plane 3 
varallel to U(110), but the former i4 optically + (Hy = %) and the dispersion o < v5 the 
Iter i optically — (Bixe — 2X) and dispersion » > x_n other worda, the optic axial angle 
Fee ha ees opioid icles sl ctr, slog 
olka enidotes and lthiophiite, anu otter, 
{elatine have been mavie out 


437, Optical Properties of Twin Crystals.— Tho examination of seo- 
sions of twin erystals of any other thun the isometrio system in polarised light 
serves to establish the compound character st once and also to show the 
relitive orientation of the several parts. This is most distinet in the esse of 
contact-ving, but i alo well shown with peneraton-vins, though here the 
paris are usually not separated by-a sharp line, 

Thus the examination of a section parallel to b(010) of a twin crystal of 
gypsum, of the type of Fig. 637, makes it easy not only to establish the fact 
of the tirinaing but also to fix the relative positions of the ether-axes in the 
wo parts, The measurement can in auch eases be made between the extine- 
tion-direetions in the two halves, instead of between one of these and some 
definite erystallogeaphie line, as the vertical axis. 


{othe taal leave the a 
‘when setia 


“ ‘ a 
Til gin, th true wructure of moomplee raltpieCwnn, exb spnetry 

tu this extemal frm xn aly ma ‘alt in vn "Roar ait he 
‘rithent 

sidcaypennier beans TPB) hats sl Sore compen stature shows Pig 
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48, Fig. 6€2 shows a simple crystal of stilhite; Fig. 648 49 the commen type of twin- 
‘illustrates “omnple srutture 6010) revesid tr polariaed 
"Other fast bar eit be adavasee that fae 


i Shae sie parts ego ae ag 
ma ovat Se ; my 
src, rly Sa a gu 2 ie 
LJ 


Shuthive (Lasauts) 


438. A particularly interesting ease, related to the subject diseussed in the 
preceding article, ig that of the special properties of superposed cleavage 


sections of mics.’ If three vr more of these, say of rectangular form, be super- 
fand 20 placed that the line of the xia planes nuke equal angles of 

“48°, et.) With each other th effects that polarized ight which haa fussed 
through the erntor suffers circular polirization, with a rotation to right or 
left according to the way in which the sections ary built up, ‘The inter 
ferenee-figure resembles that of section of quarts cut normal to the axis. 

If the sections are numerous and very thin the imitation of the phenomena 
of quurts is closr. These facts throw much light upon the ultimate molectt- 
lar structure of  erystallized medium showing circular polarization. Fur 
ther, it is enay from this to understand how it is possible to ave in sections 
of certain crystals (¢.9, of clinochlore) portions which nre biaxial and others 
‘that are uniaxial, the latter being due to np intimate twinning after this mathod 
‘of biuxial portions. 


(23, Optica Properts of Craton a jaesccvae 
en ie ecto merit on pk A ae a 
rnipness the addin due as elcing “eR, oes th 
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special discussion, Where, however, 
ere wna th cco ny harly ste to mee 


in form and 


tle removed from the seetion itself, 35 
2 per Inch eases the + or — characte of the double re 
sl 


PO aa ciaypteeny 
marked double refraction. Further, glass ate odlijected to. apechanteal pressure in 
Gon detin thaw in pines ight owe or oe dite interferon i 
sey ny peed Es ae ge 
Sean pee tnde emer He ae Sry eae 
eee en ee ee aerate of pret ey be cna ty Ue il 
ris ate fo RT : 
aul celts Fear erg nano ree en 
ference-figure into a Deazia |, and with sibetannes optically positive, the plane of the eptic 
Hwee fa il nn i er oa ri tae 
slew oun wen rani ee 
ip ei SR ta tog els 


441. Optical Anomalies, — Since the early investigations of Brewster, 
Herschel, and others (1815 ef seg.) it has been recognized that many 

exhibit Optical phenomena. which are not in harmony: with the apparent 
symmetry of their external form, Crystals of many’ isometric species, 
anuleite, alum, boracite, garnet, ete., often show more or less pronounced 
ouble Fofrution, and sometimes thoy are distinctly wniexil or biaxial, A 
section examined’ in parallel polarized light may show more or less sharply 
defined doubly refracting reas, or pafullel bands or lamelle with varying 
tetinction,  Geeasionallyy as noted by Klein in the case of garnet, while most 
cryatals are normally isotropic, others show optical characters which seem to 
be determined by the external bounding faces and edges; thus, n dodecahedron 
may appear to be made up of twelve rhombic pyramids (biaxial) whose apices 
pe at ua eonter iA hexoctahedron similarly may seem to be made up of 
forty-eight trina unids, ete. 

Simfluiy, erystale of many’ common tetragonal or hexagonal specien, am 
vesuvianite, ‘zircon, beryl, apatite, corundum, chabazite, ete., give interfer 
ence-figures rewemnbling those of biaxial erystals, Also, ai coutra- 
etions between form and optical characters are noted with crystals of ortho~ 
thombie and monoclinic species, ¢g., topre, natrolite, orthocluse, ete. All 
cxees stich as those rnentioned are ¢mbraced under the common term of 
optical anomalies 
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‘This subject. has been minutely studied by man investigators in recent 
‘Years and important additions have been made to it both on the practical and 
the theoretical side, ‘The result is that, though doubtful cases still remain, 
‘many of the typical ones have found a satisfuctory explanation, No single 
theory, however, eat be universally applied. 

"The chit question involved Ras been 
considered as secondary and non-essential, or whether they belong to. the 
inherent moleculur stricture of the erystals in question. On the one hand, 
it has been urged that internal (ension suffices (Art, 440) to call out double 
refraction in an isotropic substance or to ive a uniaxial orystal the typical 
optical structure of a biagal erystal, On the other hand, it is equally clear 
Hint twinning often produces paendo-symmetry in extemal form, and’ at the 
‘same time conceals or changes the optical chnracters. From the simplest ease, 
ius that of aragonite, we pass to more complex cases, as witherite (Fig. 830); 
broulite (Figs. 640, 641), phillipsite (Figs. 426, 478-480), which Inst is some 
times pseudo-isometric In form though optical study shows the monoclinic 
character of the individual* Reasoning from the analogy of these last cases, 
‘Mallard was led (1870) to the theory that the optical anotalies could in most 
cases be explained by the aswnption of a similar but still more intiinate 
grouping of molecules which themselves without this would unite to forma ery. 
tals of a lower grade of symmetry than that which their complex twinted 
crystals actually simulate. 

In regard to the two points of view mentioned, it seems probable that 
internal tension (due to pressurm, sudden cooling, or rapidity of growth, ote) 
can be safely appealed to to explain the anomalous optical character of auany 
species, aa diamond, halite, beryl, quartz, ete. Again, it has been fully proved 
that the later growth of isumorbous layers of varying composition may 
produce optical anomalies, probably lene also to he referred to tension, Alun 
isnatriking example, ‘The peculiarities of this ppscies were early investigated 
by Biot and made by him the basis of his theory of " lamellar polarieation,” 
bbut the present explanation is doubtless the true one, Fig: 643 (from Brauns) 


Alum, 02 Aponbylite, {| 00 ews, 10 


shows the appearance in polarized light of u section || o(1L1) from n crystal in 
which the successive layers have different composition. Further, ueeurding to 
Bruns, the optical peculiarities of many other species may bo referred to this 
samo cause, He includes here, particularly, those cases (as with somo garnets) 


ty TORR showing predo-eymauetey of high: complex type are ealod mimetic erin 


CHARACTERS DEPENDING UPON LIGHT 331 


tn which the epieal charters seem to depend upon the extemal for, 
toted above. Hore belongs alo apophiylite,s section of whieh (rom Golden, 
Colorado, by Klein) is shown in Fig. 648, The section has been ent || o(001} 
taught center of the crystal sand is represented as it appears in parallel 
lariand light. 
PelAuother quite distinet but most important class is that including species 
such as boracite and leucite, which are mus; that is, those species 
‘which nt « certain elevution of temperature (300° for borneite nnd 500° to 600” 
for euste) become still, intropic. Under ordinary conditions these 
species are anon, but te fet stated makes it probable that orginally 
‘ir crystalline form and optical characters were in harmony, The relations 
Tor leucite deserve to be more minutely stated, 


Leortunally aborrs very fvble dou refraction = 108, « = 100, This wn 

‘usiour double refraction, early nioted (Brewster, Biot), waa vation iain Is 

ize, Bah, suhea oanent on iieeuere at 

to the tatragnnal ayster, the trapesabedleal face taken os 

£51,244, repectveys bo 104 ‘OL a AOL, G2). Later Weisbach (8) on the exe 
‘round, nude them erthoebombic; however, referred them (180), chiefly «a 

eee 2 the moore etm, at Hou and Lacy (170) eo the tlie, 
inf ayn, Poses {ortho oleate stroptire which they oe teal 


Still again, in « limited number of cases, it can be shown that the inter 
trom of umelin having aightly diferent crystallographic orientation fs the 


fans ofthe optical ies. Prebnite isn conspicuous example of this 

‘ier all the various posible explanations have been applied there sill 

‘however, many species about which no certain conchnsion can be 

Teachied. ‘To many of these species the theory’ of Mallard may probably be 
applicable, Indeed it may be added that muck difference of opinion still 

existe ns to the cause of the “ optical anomalies " in a considerable number of 


Larmuronn 
Optical Anomatier 
Pic: 9 adpgafinianeae oo and tater; aloo la Tran, 
4a polatnation innellnir, ete. CL R., 32, 007, 1841; 18, 155, 
201,311 My dP 
Volger. en oracle iano, 1857 


Marbach. Ueber die oplisehon Flgenschaften eiiger Krystalle dew teaseralen Syates. 


iat Ve te on. tn den Druck a lo optachen Higonschaften der 
‘Keyatalle, Poge. Ann., 107, 333, 1850; 108, 698, 1850, i 


* A complete bibliography te given in the memoir by Braun (1801), eae above. 
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Min., 2 200, 1880; 1, 239, 1881; 2, 295, 1684. Garnet. 
Je Mit yy TRG, Anoptien inuenes of beat) 
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Ml Soe, 2, ts, tsa net 
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442. ‘The more important of the special properties of a mineral xpecies with 
respect to heat include the following: Fusibility; conductivity and expansion, 
especially in their relation to crystalline structune; change in optienl charac, 
ters with changn of temperiture; specific heat; also diathormancy, ox the power 
of transmitting heat rudiation. " The full discussion of these und other related 
subjects lies outside of the: range of the present text-book. A few brief 
remarks are made upon them, and beyond these reference must be made to 
text-books on Physics und to special meanoirs, som of which are mentioned 
tn the eras (p. 324). 

443, Fusibility. —Tho approximate relative fustbitity of different mine 
erals is an important character in distinguishing different species Irom one 
another by means of the blowpipe. Fur this purpose # scale is conveniently 
used for comparison, as explained in the artictes later devoted to the blow. 
pipe, ,,Aseumte determinations of the fusibility are dificult, und though of 

tlc importance for the above object, they are interesting from a theenetical 
siundpoint, | ‘They have been attempied by various author hy the ase of a 
mumber of different methods, “The following are the approximate melting. 
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point values for the minerals used in von Kobelt’s seule (Art. 604): Stibnite, 
625°; natrolite, 965°; almandite, 1200°; actinolite, 1: ; orthoelase, 1200°; 
bronsite, 1380°} also for quartz, ‘about 1600°, 

444. "Conductivity, — conducting power of different crystallized 
media was early investigated by Sénarmont. He eovered the faces of the sub- 
stance under investigation with wax and observed the form of the figure 
melted by s hot wire placed in contact with the surface at ite middle point, 
Later investigations have been made by Rontgen (who modified the inethod of 
‘Sénarmont), by Jannettaz, and others. In general it is found that, as 
their thermal conductivity, erystals are to bo divided into the three 
noted an p, 256. In other words, the ecnductivity for heat seems to follow 
the same general laws as tho tion of light. Tt is to be stated, however, 
that experiments by 8. P. Thompson and O. J. Lodge have shown & different 
rate of conductivity in tourmaline in the opposite directions of the vertical 
axis. 


445, Expansion. — Expansion, that is, inorease in volume upon rise of 
temperature, ie a nearly universal property for all solids. ‘The increment of 
volume for the unit volume in paasing froni O° to 1° C, is called the coefficient 
of expansion. This quantity has been determined for « number of species. 
Further, the relative expansion in different directions is found to obey the 
‘sarve laws as the light-propagation. Crystals, as regards heat-expansion, are 
thus divided into the sue three classes mnentioned on p. 270 and refered to 
in the preceding article, 

‘The amount of expansion varies widely, und, as shown by Jannettaz, is 
influenced particularly by the cleavage. Mitscherlich found that in calcite 
there was # diminution of 8 37’ in the angle of the thombohedron on passing 
from 0° to 100° C., the form thus spy that of s cube as the tempers 
ture Increased. ‘The rhombohedron of dolomite, for the eame range of tem 
perature, diminishes 4°46’; and in aragonite, for a rise in temperature from 
21° to 100%, tho angle of the prism diminishes 2’ 46’. In some rhombo- 
lhodrons, as’ of ealeite, the vertical axis is lengthened (and the horizontal 
shortened), while in others, like quartz, the reverse is true. Tho variation is 
such in both eases that the birefringence is diminished with the increase of 
temperature, for ealeite posses negative double refraction, and quart 
positive. 

It is to be noted that in general the expansion by heat, while it may. serve 
to alter the angles of crystals, other than those of the isometric system, does 
not alter the zone-relutions and the erystalline symmetry. In certain cases, 
however, the effect of heat may be to give rise to twinning-tamelle (as in 
anhydrite) or to cause their disappearance (as in calcite), Rarely heat serves 
to develop new molecular structure; thus, aa explained in Art. 441, boracite 
‘and leueite, which are anisotropic at ordinary temperatures, hecotne isotropic 
‘when heated, the former to 300°, the latter to 500" or 600", ‘The change in 
the opel properties of crystal produced by heat ls already been notion 

446, ‘Specific Heat, — The specific hest of any substance is the amount of 
heat nécessary to raise the temperature of one gram of the substance one 
degree Centigrade. The unit of specific heat is the heat necessary to raise 
‘one jam of water one degree Centigrade. Determinations of the specific 
eat of many minerals have been made by Joly, by Ocberg, and others, Some 
‘of the results resched are as follows: 
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447, Diathermancy. —Pesides the slow molecular propagation of heat 
in 9 body, measured by its thermal conductivity, there is also to be considered 
the cupid’ propagation of what is called radiant heat through it by the wave- 
‘motion of tho ether which surrounds its molecules. ‘This is merely a part of 
tho general subject of light-propugation already fully discussed, ainoe heat 
‘waves, in the restricted sense, differ from light-waves only in their relatively 
greater length, "The degree of absorption exerted hy the body is measured by 
its diathermancy, which corresponds to transparency in light. Ih this sense 
halite evvite, and fuoite are highly diathermanous since they absorb but 
Jittle of the heat-waves passing through them; on the other hand, gypsum 
and, still more, alum are comparatively awhermanous, since while transparent 
to the short light-waves they absorb the long heat-waves; transforming the 
energy into that of sensible heat. Measurements of th diathermancy were 
early made by Melloni, later by ‘Tyndall, Langley, and others. 
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Y. CHARACTERS DEPENDING UPON ELECTRICITY 
AND MAGNETISM 


1. ELECTRICITY 


48, Electrical Conductivity. —'The subject of the relative conducting 
power of different minerals is one of minor interest.* In general most min~ 
trals, except those having a metallic luster among the sulphides and oxides, 
are nan-conductors. ly the non-conductors can show pyrvelectrical phe- 
‘homens, and only the conductors can give a thermoelectric current, Experi- 
ments have shown that electrical conductivity is alike in all directions in 
(metric crystals and that in eryatals of other systema i varies with the 
erystal direction, conforming to the same laws that govern the transmission of 
light. In hematite, for instance, it has been shown that the conductivity: in 
ihe horizontal symmetry plane is uniform in all directions and is about twice 
su great as in the direction of the vertical crystal axis. 

449. Frictional Electricity. —The development of un electrical charge 
on many bodies by friction is a familiar subject, All minerals become electric 
by friction, although the degree to which this is manifested differs widely. 
‘There is no line of distinotion among minerals, dividing them into positively 
eloctric und negatively electric; for both electrical statess may be presented by 
different varieties of the same species, and by the same variety in different 
Slates. The gems are in genoral positively eloetrie only when polished; the 
diamond, however, exhibits positive electricity whether polished or not. | It is 
‘fumiliar fact that the electrifiestion of amber upon friction was early. 

{600 wc), nl indeed the Greek name (Reon) Inter gavo ste 10 the word 
loctricity”. 

450, Pyroclectricity. —The simultaneous development of positive and 
negative charges of electricity on different parts of the same crystal when its 
temperatures suitably changed is called pyroelectricity. If. orystal develops 
§ positive charge in one portion during warming, a negative charge will be 
developed at the same point during cooling, ete. Crystals exhibiting such 
Hhmpomena are sul to be pyradectnc. This phenomenon was fist obverved 
in the case of tourmaline, which is thombohedml-hemimorplic in crystal- 
lization, and it is particularly marked with crystals" belonging to groups of 
relatively low symmetry, especially those of the hiemimorphie type. It is 
possible, of course, only with non-conductors, This subject was early inves 
tigated by Riess and Rose (1843), later by Hankel, also by C, Friedel, Kundt, 
and otha (9c erat) tons of like erytallographi 

in eases it is true that directions of like logmmphic symmetry 
show charges of like sign, while unlike directions may’ exhibit opposite charges. 
Substances not erys exnnot show pyrocleetricity. A few of the many 
posible examples will serve to bring out the most essential points. 

Boracite (isomotric-tetrahedral, p. 83) on heating exhibits + electricity on. 
‘one set of tetrahedral faces and — icity on the other. Cf. Mig. 648. 

Tourmaline (rbombobedral-hemimorphic, p, 126) shows opposite charges 
nt the opposite extremities of the vertical axis corresponding to ite hemimor- 
phic crystallization, In this and in other similar cases, tho extremity which 


* On the conductivity of munerala, see Beljerinck. Jb, Min. Beil-Da.. 14, 405. 1898, 
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‘becomes positive on heating hs been called the analogons pole, and that-which 
becomes negative has been called the antitogous pole. 

Calamine and strueite (orthorhombicshemimorphio, p. 144) exhibit phenom- 
‘ena sulogous to those of tourmaline. 

Quarts (shombohedral-trapeaohedral, p, 120) shows + electricity on heit- 
{ng nt the three alternate prismatic edges and — electricity at the three remain 
ing eds; the distribution for right-handed eryetals fs opposite to thit of 
Ieft-handed, “Twins may exhibits high degre of eampleaity, Ch Figs 
649, 650. 

“Azinite (triclinic, p, 162), when hexted to 190° or 190°, has an analogous 
pole (Riess and Rose) ‘at the aolid angle rxMf’; the antilogous pole at the 
angle mr’M’ near plane 1. 


A very convenient and simple method for investigating the phenomens is 
the following, which is due to condi: First heat the erystal or section care- 
fully in an air-bath; pass it several times through the flame of an aleohot 
lamp and then place it on a little upright eylinder of brass to cool. While 
cooling, a mixture of red lend und sulphur finely pulverized and previously 
agitated is dusted over jt through « fine eloth from » suitable bellows. The 
positively olectrified red Jeadl collects on the parts having x neuative chargo, 
land the negatively oleetrifind sulphur on those with a postive charge. ‘This is 
illustrated by Figs. 648-050, and still better by the illustrations given by 
Kundt and others. (Cf Plate TH of Groth, Phys. Kryat., 1905.) 

451. Piezoelectricity. — The heating (or cooling) of a erystal to induce 
pyroelectric effects involves s change in its-volume. Further, if n change in 
volume ean be brought about by other means, sich as eotnpressiog or tension, 
similar eloctrie charges result. ‘The name piesoelectricity hs been given to 
the development of electrival charges on. crystallized body by pressure oF 
by tension. Charges of opposite sign ate produced by the two different 
operations. "This phenomenon ts most interesting wher a relation ean be 
established between the electrical excitement and the molecular ‘structure, 
fas i conspicuously true with quarts, tourmaline, antl some other species, 

‘This subject has been investigated by Hankel, Curie, and others, und 
dliseussed theoretically by Lord Kelvin. (see literature). ” Hankel hag leo 
employed the term actinoelectricity, ot, better, ppholoelectricity, for the phi- 
nomenon of producing an electrical condition by the influence of direct 
radiation; fluorite is & conspicuous example. 

452. Thermoelectricity.—The contact of two unlike metals in. gen 
eral results in electrifying one of them positively and the other negatively." If, 
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further, the point of eantact be heated while the other parts, connected with 
‘a wire, are kept cool, a continuous current of electricity — shown, for example, 
by a suitable galvanometer — is set up at the expense of the heat-energy sup- 
plied. If, on the other hand, the point of junction is cooled, a current is set 
up io the revere dirttion, Ths phenomenon ja called Yhermoeletiity, 
and two metals so connected constitute « thermoelectric couple. Further 
is found that different conductors can be arranged in order in a tuble—a 
so-called thermoelectric series — according to the direction of the current sot 
‘up on heating and according to the electromotive force of this current. Among 
the metals, bismuth (+) and antimony (—) stand at the opposite ends of the 
tetes the current. pases through ‘he couneeling wire from antimony’ to 
ismmuith, 


determined by Flight. 

It was early observed that some minerals have varieties which are both + 
and —. Rose attempted to establish a relation between the positive and 
nogative pyritohedral forme of pyrite and cobaltite, and the positive or 
tive thermovleetrical character. Later investigations by Sehrauf and Dana 
have shown, howover, that the sume peculiarity belongs also to wlaucodot 
tetradymite, skutterudite, danaite, and other minerals, and it is demonstrat 


by them that it eannot be ds i upon crystalline form, but rather upon 
iemieal composition, 
Levene 
Prirolectricity, ee. 
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2, MAGNETISM 
453. Magnetic Minerals. Natural Mi —A few minerals in their 


ugnetite, exhibit them~ 

“They are thon 
called natural magnets. In such casos tbo magnetic polarity hay probably been 
derived from the inductive netion of tye earth, whieh is ftxolf 8 huge magnet 

454. Paramagnetism, etism.—'in a very. strong. magnetic 
field, as that betwoen the poles of a very powerful electramugnet, al 
‘an inioed all other substances, arm influenced by the mngnetie foros. Accord: 
ing to their behavior they: nre divided into two eluwes, tha paromagnetic and 
diamagnetic; thowo of the former appear ta be attracted, thone of thie latter to 
he roar purpose of experiment the mando in question nthe 
form of a rod, iv muspended on a horizontal nxis between tho poles of the 
magnet, If paramagnetic, it takes a position parallel to the magnetic wxie; 
if diamagnetic, transversely to it, Iron, cobalt, nickel, manguneso, patie 

tio; silver, copper, bismuth are diamagnetic, Among 
is of iron are paramagnetic, an ¢iderite, also diopside; 
further, beryl, dioptase. Dinanagneti species include ealbite,sireon, walfen 
ite, ete! 

By the use of ste iti posible ta determine the rltive amount of 
muygnetie induotian in different directions of the sate suitstance, Experiment 
has shown that in isometric tied the magnetic induction ix allke in all 
directions; that in those optically uniaxial, there is a witeetion of maxignam, 
and, normal to if, one of minimum magnotio induction; that. in biadial 
eryatals, there are {ree une magnetic axes, the position of which anny. Bo 
dotormined. In other words, the innynetie relations of the three classes of 
rysiala aro analogous to theit optical relutions. 

485, Corrapaniling to tho faetsjunt state, that, all compounds of iron 
fire paramagnetic, it is found that a sufficiently powerful eloctromnguet 
gagretg all mineral ontaning ion, dh, exept the een ve i et 
483, 4 bar magnet hae no sensible fhffnonce upon them; henee the ulfickency: 
of the electromagnetic method af separating aren, 

Plucker* determined tho magnetic attraction of a number of substances 


compared with iron taken as 100,000, For example, for maguotite he ob- 
tained 40,227; for hematite, erystall 
pyrite, 150, 


tal, B84, mussive, 134; limonite, 71; 


Lrrenaronn, 


11, 1880; 2, 42, 1552, 
* Voge. Ann, 74, 343, 1548. 
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VI. TASTE AND ODOR 


In their action upon the senses « fow minerals possess fasle, and others 
ander some circumstances give off odor. 

456. Taste bolongs only to wlubie minerals, The diferent kinds of 
laste adopted for reference ire as follows: 

1 Adtringent: the taste of vitriol. 

2, Swecish astringent: taste of alum 

5, Saline: taste of common silt. 

4 “Alkaline: tasto of soda, 

5. Cooling? taste of siltpoter. 

6, Biller: taste of Epsom aulta, 

T._Sourt taste of sulphuric ncld. 

457. Odor. — Excepting few guseous and soluble species, minerals in 
the dry unchanged state do not give off odor... By friction, molstening with 
the breath, and the elimination of wome volatile ingredient ty heat or welds, 
odors are sometinies obtained which are thus designated: 

T. ‘Aliaceous: the odor of gare.” Friction of arsenopyrive elicits. this 
dor} it may algo be oblained from rvenieal compounds hy iicans of heat, 

2. Horseradish ator: the odor of docaying horee-radish, ‘This odor ts 
rosa percved when the ge of lei are head 

ihaphurameTretion dt this dor from pyrite and hon from many 
wlphi 

5 Pett th eto of sap yl 10 in elicited 

‘aid: the odor of sulphuceted hydrogen or rotten og. Tt is 
by fection frum some varies of quntts and limestone 

0. "Arpilacots the oor of cstv lay. Ths ota rn 
tine und gore allied ininerals, after moistening them with the broath; others, 
aw pyrargilite, afford it when heated. 

458, Feel’ —The yu. is a. character which is occasionally of some 
importance; it is anid to be emooth (sepiolite), greasy (tale), harsh, or meager, 
ta, Some mineral, i consoquence of their hygroseopic character, adhere 19 
‘he longue when. brought tn contact with it 
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GENERAL PRINCIPLES OF CHEMISTRY AS APPLIED 
TO MINERALS 


459. Minerals, as regards their chemical constitution, are either the 
tuncombined elements m a native state, or definite compounds of these elements 
formed in necordance with chenical laws. It is the object of Chesnieal Min. 
eralogy to determine the chemical composition of exch species; ‘to show the 
chemical relations of different spocies to each other where such exist; and also 
toexplain the methods uf distinguishing sliferent minerals by chemical means, 
It thus embraces the most important. part o tive 

In order to understand the chemical constitution of tuinerals, some Eaowl- 
edge of ths fundamental principles of Chemical Philosophy is required; and 
these are here briefly recapitulated, 

460. Chemical Elements.— Chemistry recognizes about ninety sub- 
stanoes which cannot at will be decomposed, or divided into others, by any 
process of analysis at present known; these mibstances are called the chemicel 
elements. 4 list of thet is given in a later article (464); common examples 
are; oxyuen, nitrogen, hydgen, chlorine, gold, silver, sodium, ete. 

461. Atom. | Molecule. —The study of the chemionl properties of sub- 
stances and of the laws governing their formation led to the belief that there 
is for each element w definite, indivisible tas, whieh fe the salle paste 
which ean play a part in chemical rnctions; this indiviitie unit cabot ts 
ditom. ‘The atom of @ given element has a definite Yeeight which is a major 
characteristic. ‘The snodern conception of un atom is that it is composed of 
Positive and negative electrical charges. ‘The micleus, or central partion of 

‘atom, which contributes the greater part of the mass of the atom, contains 
number of positive electrical charges, ealled protons. ‘The nucleus is sure 
rounded by revolving negative charges that are called electrons, ‘The nunc 
ber of electrons surrounding each nucleus is equal to the number of protons 
in the nucleus. | ‘The electrons revolve in successive concentric shells about the 
nucleus, the whole atom resembling a more or fess complex solar aystem, 
‘The number of protons snd electrons varies with eaeh element, ‘The raumber 
‘of much protons or electrons of each element gives what is called the atomic 
number of that element, 

‘The maximum. number of electrons belonging to the successive concentric 
shells about the nucleus ure two in the first shell (as in helium), eight in the 
‘second (a# in neon), eight in the third, eighteen in each of the fourth and 
fifth abells, and thirty-two in the sixth, Whenever an element bas the 
maximum number of electrons in its outermost electronic shell it is found 
to be un inert substance that does not enter into chemical reactions. Tho 
chemically active elements are therefore those whose outer ring of electrons 

40 
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fins vacancies in it that might be Gilled by the eleetrons of other atoms in 
chemical combination, 

‘With eome rare exceptions, the atom cannot exist alone, but unites by the 
ction of what is called chemical force, or chemical affinity, with other atoms 
‘of the same or different kind to form the molecule. The molecule, in the 
chemical sense, may be defined 1s the smallest particle into which '& given 
kind of substance can be subdivided without undergoing chemical deeomposi- 
tion. For example, two alome of hydrogen unite to form a molecule of hydro- 

1 gas. Again, one atom of hydrogen and one of chlorine form % moleoule 
hydrochlorio acid yas; two atoms of hydrogen and one of sulphur form 
molecule of the drogen sulphide. 

462. ‘Atonaic: Weight. — ¢ atomic weight of an element is the weight, 
or, better expressed, the mass of its atom compared with that of an atom of 
Skygen taken as 10,” Of the methods by whieh the relation between the masses 
of the atoms is determined it is unnecessary herm to spesk; the results that 
have been obtained are given in the table on p, 342. 

483. Symbol, Formula.—The symbol of an element is the initial 
letter, or letters, often of its Latin name, by which it fe represented when 
expressing in chemical notation the constitution of substmnees into the compo- 
sition of which it enters, ‘Thus O ia the xymbal of oxygen, Hof hydrogen, Cl 
‘of chlorine, Fe (from ferrum) of iron, Au (from argentum) of silver, ete. Pure 
ther, this symbol is always understood to indicate that definite amount of the 
given element expressed by its atomic weight; in other words, it represents: 
‘one atom. If twice this quantity is involved, that is, two atoms, this is ine 
dicated by a small subscript number written immediately after the symbol. 
Ths Sb means 6 compound canssting of two tons of antimony and dhe 
‘of sulphur, o of 2 > 120 parts by weight of antimony and 3. 32 of sulphur. 

expression, Sb, is called the formula of the given compound, since 
‘it expresses in briefest, form ita composition, the formula of the 
mineral albite is NaAlS,O,. 

Strictly speaking, such formulas are merely empirical formulas, since they. 
express only the actual result of analysis, as giving the relative number of 
atoms of each element eet a make no attempt to represent the actual 
‘onetitution, A formula developed with the latter object in view is called 
rational, structural, or constitutional formula (see Art. 481), 

464, Table of the Elements. — The following table gives a list of all 
‘the definitely established elements with their necepted symbols and also their 
‘mi weights” we santa 

the clements given in this list —more th ty in ali — only a ve 

small suunber; sey Gralve, play 20 tinportang park in tuakiug-wp the oruss of 
the earth and the water and air surrounding it. ‘The common elements con- 
cerned in the composition of minerals are: oxygen, sulphur, silicon, alu- 
minum, iron, calcium, magnesium, sodium, potassium. ‘These ire estimated 
to form over 97 per cent of the material of the earth’s erst with oxygen the 
moet abundant (about 50 per cent). Besides those, hydrogen is present in 
‘water, nitrogen in the ait, and earbon in all animal and vegetable substances, 
Only & very few of the elements occur as such in nature, ax native gold, native 
silver, native sulphur, etc, 
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Of the elements, oxygen, hy |, nit chk and fluorine are 
ees; bromine in volatile Tiguldy mc od acid ne are 
are solide under ordinary conditions, 
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465, Metals and Non-metals.—The elements may be divided into 
two more or less distinct classes, the metals and the non-motals. Betweey 
the two lie @ number of elements sometimes called the sembmetale "The 
‘netals, an gold, silver, iron, sodium, are those elements which, physically 
described, proses to a 'more or less perfect degree the fundamental cheenetn 
of the ideal metal, vi: mallenbility, ductiity, metallic luster (and epacl 
{ellght, sonduotiity for Heat und itil; woven, cally desert), 
they commonly play the part of the positive or busie element tas stroke 
compound mx Inter defined (Arts, 474-477). ‘The non-maluls, us sult 


GENERAL PRINCIPLES OF CHEMISTRY AS APPLIED TO MINERALS 343 


carbon, silicon, ete., also the gases, as oxygen, chlorine, ete,, have none of the 
pis eal characters alluded to: thay are, if solids, brittle, often transparnnt to 
-radiation, are poor conductors for heat and electricity, Chemically 
expressed, they usually play the negative or cid part in a simple compound, 
‘The so-called sememelals, or metalloids, include certain elements, ns 
tellusiam, arsenie, antimony, bismuth, which have the physical characters of 
a mctal t0 a less perfect degree (eg., they are more or less brittle); and, more 
important than this they often pliy the part of the acidic element in the 
compound into which they enter. ‘These points are illustrated Inter, 
soli 10,bs understood that the distinctions between the elas of the 
elements named cannot be very sharply applied. ‘Thus the typical metallie 
characters mentioned are possessed to a very tinequal degree by the different 
substances classed ns metals; for example, by silver xnd tin. Corresponding 
to this a number of the true metals, as tin and manganese, play the part of an 


acid in qumerous salts. Further, tho mineral magnetite, FeleO,, is often 
deseribed ws un fron ferrate; so that in this compound the same element would 
play the part of both acid and base, 

466, Positive and. Negative Elements, — It is common to make a die 
tinction between the electro-positive and electro-negatire element in a compound. 
‘The passage of a sufficiently strong electrieal current through a chemical come 
pound in many cases results in its decomposition (oF electrolysis) into its ele 
ments or parts. In such eaves it is found thst for each compound the atoms 
of one elament collect at the neative pols (the chose) and thos of the other 
at the positive pole (the anode). ‘The former is ealled the electro-positivo 
element nnd the latter the electre-negative element. ‘Thus in the electrolysis 
‘of water (11,0) the hydrogen collects at the eathode and is hence ealled posi- 
tne, and the oxygen tthe anode and ie called negative,” Simiary, in dro 
chiloric acid (HCI) the hydrogen is thus shown to be positive, the chlorine 
negative. ‘This distinetion is also carried to eamplex compounds, ss copper 
sulphate (CuSO), which by electrolysis is broken into Cu, which ia found tobe 
electro-positive, and $0, (the last separates into SO, forming H:SO, and free 


mi). 

For reasons which will be explained later, the positive element is said to 
play the basie part, the negative the acidic," The motals, as already stated, 
‘tn most enses belong to the former eluss, the non-metals to the latter, while 
the semi-metals may play both parts. 

{i corumon in writing the formula to put the postive or busi element 
first, thus HO, HS, HCl, H:S0., SoS, A&O,, ASH, NiSb, Feds, Here 
it will be noted that antimony (Sb) and areenie (Ax) are positive in some of 
the componnds named but negative in the others. 

487. Periodic Law. — In order to understand the relations of the chief 
lhsses of chemical compounds represented among minerals, as still more 
their further subdivision, down finally to the many tomorphous groups — 
groups of species hnving ‘analogous composition and clowly similar form, as 
explained iu Art, 488— the fundamental relations and grouping of the elo 
ments inust be understood, especially as shown in tho so-called Periodie Law 

Although tho subject ean be only briefly touched upon, it will be useful to 
sve here the general diatribaon of the elements into Group and Period a8 
presented in the Principles of Chemistry (Engl. Ed., 1801) of D. Mendokief 
to whom is duo mor than uny one else the development of the Periodic Law: 
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‘When the elements are arranged according to the values of their atomic 
weights, or betior according to their atomic numbers, i is seen that they fall 
‘moro oF less into groups consisting of eight elements each, or double groups 
containing sixteen elements. ‘The corresponding members of each group ahow 
similar chemical characters. ‘The table given on p, 345 will illustrate these 
relationships. For the thorough explanation of this subject, more particularly. 
‘os regards the periodic or progressive rolation between the atomic weights and 
various properties of the elements, the reader is referred to the work above 
mentioned or to ane of the many other excellent moder text-books of ehent= 
intry, 

‘The relations of some of the elements of the first group are exhibited by 
the isomorphism (ses Art. 483, also the description of the various groups and 
species here referred to, which are given in Part V of this world of NaCl, 
KCI, AgCI; or again of LiMnPO, and NaMnPO,, ete, In the second group, 
reference may be made to the isomorphisin of the earbonates and sulphates 
@,852) of alcium, barium, and strontium; while among the sulphides, ZnS 

and HyS are doubly related, In the third group, we find boron and 
aluminum often replacing one another among silicates, In the fourth group, 
‘the relations of silicon and titanium are shown in the titano-silieates, w! 
the cony ids THO, SnOs, PbO, also ZrSiO, and ThSiO,, have closely 
similor form. Tn the fife group, many compounds of arsenic, antimony, 
and bismuth are isomorphous among metallic compound, while the relations 
of phosphorous, vanadium, arsenic, also antimony, are shown among tho 
phosphates, vanadates, arsenates, and antimonates; again the mutual 
elntions of the niobates and tuntalates are to be noted. 

In the sixth group, the strongly seidie clements, sulphur, selenium, tel 
lurium, are all closely’ reluted, ns seen in many sulphides, selenides, tellus 
ides; further, the relations of sulphur and chromium, und similarly of both 
of these to molybdenum and tungsten, are shown among niany artificial sul 
phates, chromates, molybdates, and (iingstates. 

In the seventh group the relations of the halogens are top well understood 
to need special remark. In the eighth group, we have Fe, Co, Ni alloyed in 
meteoric iron, and their poephntes and sulphates are in several cases closely 
‘somorphous:’ further, tho relation of the iron series to that of tho platinum 
series is exhibited in the isomorphism of FeS, Fess, Feds, ote., with PAs 
and probably Ru. 

xen the atomic structure of the elements in any one group of the Periodic 
Syotem is considered, it is found that in genom it is similar for the group. 
‘or instance, the outer electronic shell for both sodium and potassium con 
tains only one electron, ete, ‘Therefore the elements in a single group in gen 
eral show similar chemical chameters, ‘The elements that lie in the upper 
right-hand corner of the table are the neidie elements; the basic elements aro 
placed to the left and bottom. 

468, Combining Weight. — Chemical investigation proves that the mass 
ofa given element entering into « compound is always proportional either to 
its atomic weight or to some simple multiple of this; the tome weight i 
lence ls called the combining weigh.” ‘Thus In sock elt, sodium ehloride, 
the mises involved of sodium and ehlorine present arp found by analysis to be 
ee to 39-4 and 606 in 100 parts, and these numbers are in Proportion to 

2354, the atomic weights of sodium and chlorine; hence it is concludes 
that one atom of each is present in the compound, The formula is, therefore, 
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Nac In calcium chloride, by the sume method the masses present are found 
to be proportional Yo 30-9: 70-8, that is, to 39-0: 2X 35-4; hence the for- 
mula is CaCl. 

Bil is wero of gorpounde of stron wit oxy a known tn which the rion 
of shemale seers ls ont ie known tn wh 


(On the contrary, atmos sir which eet thee eet 
anal bea cholera othe see 
obec are not I the ratio OF Td 31 


acid (LIC) is 36-4, of water vapor (Hs0) 18, of hydrogen sulphide (HLS) 34, 

Since, according to the law af Avogadro, like volumes of different gases 
under like conditions as to temperature and pressiire contain the site nurses 
of molecules, it is obvious that the molecular weight of substanoes in the form 
‘of gus can be derived cial from the relative density or specific gravity. 
Af the density is referred to gen, whose molecular weight is 2, it will 
be always tru that the moleculic weight is twice the density in the state of 4 

And! wice versa. ‘Thus the observed density of earbon dioxide (CO) is 225 
Rreace ius malecular weight mst be 44° Ii tse a principe that makes 
possible in the caso of 4 gas to fix the constitution of the molecule when the 
Fatio in number of the atoms entering into it. has been: determined by analysis. 
In the cave of solids, where the constitution of the molecule in general cannot 
bo fixed, it is best, 'as already stated, to write the molecular formuls tn ite 
‘Simplest form, as NaAISiO, for albite. "The sum of the weights of the stoma 
present te then taken as the molecular weight. 

470. Valence. — ‘Tho valence of an element is given by w mumber repre- 
senting the capucity of its atoma to combine with the atoms of some anit 
clement like bydrogen or chlorine. Thus, using the examples of Art, 468, 
in NaC, wince ne atom of sodium unites with one of ehlorine, its valence os 
one; or, in other words, it is said to be wniralent, Further, calcium (as in 
CaCh), also barium, ete., are bivalent; aluminum is trivalent; silicon is 
fetravaleat, etc. ‘The valence may be expressed by the number of bonds by 
which ono clement in & compound is united to undther, thuss 

Ne-Cl Ba=Ch Ave Ch S=C, ete 


Tho explunution of valence ties in the atomic stravture. For instance, the 
stomic number of sodium is 11. It therefore hus two electrons in ite tenon, 
most ring, eight in the second shell, and only. 
other hand, the atomfe number of ¢hlurine is 


toitsato 


compounds. ‘Thus both SbO, und Sk Jen 
Gut and CuCl These pose vaca 
which gives the valences for the commor 
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Univatont: H, Cl, Br, 1, Fs Li, Na, pears Cr, Ag, 


Bivalent: 0, 8, Se, Te; Be, Mg, Ca, St, Ba, , Zn, Co, Ni, Fe, 
Mn, Cr, C, Sa. 

‘Trinalent: B, Au, Al, Fe, Mn, Cr, Co, Ni, N, P, As, Sb, Bi. 

Tetraonlent: ‘G, Si, i, Zr, So, Mn, Pb. 


Pentaralent: N, B, As, Sb, V, Bi, Nb, Ts. 

471. Chemical Reactions. —'Whon solutions of two chemical substances 
am brought together, in many cases they react upon each other with the 
result of f new compounds out of the elements present; this plo 
nomenon is a chemical reaction. One of the original substances may be 
‘gas, and in many cases similar results are obtained from a liquid and a solid, 
oF less often from two solids. 

For example, solutions of sodium chloride (NaOl) and silver nitrate 
(AgNO) reset on each other and yield silver chloride (AgCI) and sodium 
nitrate (NaNO,). ‘This is expressed in chemical lunguage as follows: 


NuCl + AgNO, = AgCl + NaNO; 


‘This fs chemical equation, the sign of equality meaning that equal weights 
gal iyavochore aad (HG). and salam carbonate (CaCO) yield 

chloro ck tnd eslctum carbonate (CaCO) yiel 
calcium. chloride (Cac) and carbonic scid (HCO); which bes breaks uy 
into water (HO) and carbon dioxide (CO,), the lust going off as a gus with 
effervescence, Hence 


CaCO, + 2HC) = CaCh + H,0 + CO. 


472, Radicals, — A compound of two or more elements according to 
their relutive valence in which all their bonds are sntisfied is said to be satu- 
rated. "This is tran of HO, or, as it may’ be written, H-O—H_ If, however, 
‘one or more bonds is left unsitisfied, Ue resulting éombination of elements is 
called @ radioal. ‘Thus —O—H, called briefly hydroxyl, is w common radical, 
having valence of one, or, in other words, univalent; NH, is again a univas 
lent radical; 99, too, (CaF), (MgF) ot (AIO). Radicals often enter into s com 
nnd like a hp eement; for eample in ammonium chloride, NE 

univalent ‘NH, plays the same part as the univalent clement Na in 
NaCl. In the chemical composition of mineral species, the commonest radical 
inhytroxyl (OH) already defined, "Otiar examples are (Cal) in spative 
(see Art. 483), (Mgl) in wagnerito, (AIO) in many basic silicates, ete. 

473. Chemical — A chemical compound is 1s combination 
of two or more elements united by the force of chemical attraction. It is 
ahvays true of it, as before stated (Art. 488), that the elements present are 
combined in the proportion of their atomic weights or some simple multiples 
of these, — A-substance which does not satisfy this condition is nota compound, 
but only mechanical mixture. 

Examples of the simpler elass of compounds are afforded by the oxides, or 
compounds of Oxygen with another element. ‘Thus, among minerals we have 
©v.O, caprous oxide (cuprite); ZnO, zine oxide (zincite); AlOs, alumina 
(conindum); SnO,, tin dioxide (cassiterite); Si0,, silicon dioxide’ (quarts); 
AsO; ansenie trioxide (arsenolite), 

Another simple class of compounds are the sulphides (with the selenides, 
‘ellurides; arsenides, antimonides, ete.), compounds in which sulphur (sele- 
hiuu, (elfurium, arsenie, antimony, ete.) plays the same part ss oxygen in the 
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oxides, Here belong Cu.8, cuprous sulphide (chalcocite); ZnS, zine sulphide 

Gpluleritey; PT lead telluride ‘age oe iron disulphide (pyrite); 
ibeS;, antimony trisulphide (stibnite), 

ot a, Meld. he more emplex chemnieal compounds, 

alt 


taining these elements. When dissolved in water they all give the positive 

ion and 4 negative ionie substance such ag Ci, $04, ete. ‘The hydto- 

ge atoms of an acid may be replaced by metullie atoms; the result being then 

he formation of a salt (see Art. 476). Acids in general turn blue litmus paper 
red and have & sharp, sour taste, ‘The following are familiar examples: 


HCI, hydrochloric acid. 
HNO,, nitric acid, 
Beg samt ae 
sulphuric nei 
HSiO,, metasilicio weld, 
HLPO,, phosphoric acid. 
HSiO,, orthosilicie acid, 


It is to be noted that with a given acid olement several acids are possible. 
‘Thus normal, or orthosilicie, acid is H.SiO,, in which the bouds of the ele 
ment silicon fre all satisfied by the hydroxyl (HO). But the removal of one 
molecule of water, HO, from this gives the formula H:SiO,, or motasilicis 
acid. 


Acids which, like HNO,, contain one atom of h; en that may be 
replaced Kd 8 metallic atom (eg,, in KNO,) are called monobasic. Tf, a8 in 
HCO; and H.SO,, there aro two atoms or 4 single bivalent atom (ég., in 
CaCO,, BaSO), the acids are dibasic, Similarly, HaPOy is tribasie, ete 

Most acids are Hquids (or guses), and henee acids are represented very 
sparingly among minerals; B(OH)s, borie seid (ssasolite), is an illustration. 

476. Bases. —The buses, or hydroxides, as they are alsy ealled, are 
compounds which may be regarded as formed of a metallic element (or radical) 
and the univalent radical hydroxyl, — (OH); or, in other words, of an oxida 
with water, ‘They are compounds which in solution yield hydroxyl ons, 
‘Thus potash, KO, and water, H:O, form 2K(OH), or potassium hydroxides 
also CaO + HO similarly give Ca(OH), or ealcinm hydroxide. In general, 
when soluble in water, bases give an alkaline reaction with turmeric paper 
or red litmus paper, and they also neutralise an acid, a expltined in the next 

; tho biases yield water on ignition, that is, at a temperature 
sufficiently high to break up the compound, 

janong sunerale the base rv represented by the hydroxides, or hydrated 
oxides, as Mg(OH),, magnesium hydrate (brucite): AL(OH),, aluminum 
hydrate (gibbsite); also, (A1O)(OH), disspore, ete. 

476. Salts. — A third class of compounds are the sults; these nay be 
regarded as formed chemically by the reaction of a base upon an neid, of, fn 
other words, by the neutralization of the neid. ‘Thus ealeium hydrate dad 
sulphuric acid give calcium sulphate and water: 


Ca(OH): + H:80, = CaSO, + 2H,0. 
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Here calcium sulphate is the salt, and in this ease the acid, sulphuric acid, is 
tid to be neutralized by the base, calcium hydroxide. It is instructive to 
‘compare the formulas of a base, an acid, and the correspanding salt, ns follows: 


Base, Ca(OH); Acid, HSO4 Salt, CaSOu 


Here it is seen that salt may be simply described us formed from_an acid by 
the replacement of the hydrogen atom, or atoms, by a metallic clement or 


‘477, Typical Salts. — The commonest types of salts represented among 
minerals are the following: 
aoe ‘salts of hydrochlorie acid, HCl; us AgCl, silver chloride (oerar- 

te), 
‘Nitrates: salts of nitric acid, HNO,; as KNO,, potassium nitrate (niter). 
Carbonates: salts of earbonic acid, HyCOs; 8 CaCOs, ealelum carbonate 
(calcite and aragonite). 

‘Sulphates: salts of sulphurio acid, HSO.; us CaSO, calcium sulphate 


(anhydrite). 
ki Phosphates; salts of phosphoric ucid, HsPO,; a8 Cay(PO0s, calcium phos- 


te. 

‘Silcates: sevoral classes of walta are here included. ‘The most common are 
tho salts of metasilicio acid, H:SiOs; ss MnSiQ,, man metasilieate 
‘thodonite). Also aalts of orthosilicie acid, H.SiO,; as Mn.SiO,, manganese 
srthosiicato (Lephroite). 

‘Numerous other classes of salts are also included among mineral spécies 
their composition, as well as that of complex salts of the above types 
explained in the descriptive part of this work. 

478. Normal, Acid, and sic Salts. — A neutral or normal salt is one in 
which the basic and acidic elements have completely neutralized each other, or, 
In other words, one of the type already given us examples, in which ali the 
hydrogen atoms of the acid have been replaced by metallic atoms or radicals, 
of the hydroxyl groups have been completely replaced by the acid radical: 
‘Thus, ISO, ie normal potassium sulphate, but EKSO, on the other hand, 
is acid potassium sulphate, since in the acid H.80, only’ one of the bonds is 
taken hy tho basic element potassium. Salts of this kind ate called acid 
fall, ‘The formula in such eases may be written’ as if the compound eon- 
sisted of anormal salt and an acid; thus, for the example given, K,SO,. HSO,. 

‘A busta sal is one in which the acid part of the compound is not sufficient 
to satisfy all the bonds of the base, Thus malachite is & basic aalt — basic 
carbonate of copper—its composition being expresied by the formula 
Cus(OH):CO,. "Thin may be written CuCOs . Cu(OH), ot (Cun) = ey, 
‘The majority of minerals consist not of simple alts, as those noted above, but 
of more or fess complex double salts in which several metallic elements are 
present. ‘Thus common grossular garnet is an orthosilieste containing both 
Esleium and aluminum aa bases; its formule is CasAb(SiO0s- 

“479. Sulpho-salts. —‘The salts thus far spoken of are nll oxygen salts, 
“There are also others, of analogotia constitution, In. which sulphur takes the 
place of the oxygen; they are hence called sulpho-valts. ‘Thus normal etlph- 


>This early form of writing the composition explana the maine often given to the com 
Tanaely this came Tampate of potash” 
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arenious acid has the formula HyAsS,, and the corresponding silver salt in 
AAs, he mineral prowtite. Simla the alver alt of the analogous 
antimony acid is AgSt the mineral pyrargyrite. From the normal 
Sune, Lenten olber bphosbeniol aes Geciciven sai Ae 
ste.; these acids arm not known to exist, bit their salts ‘are imporiaat min- 
erals. ‘Thus ainkenile, PbSbS, is s salt of the acid HSb,S,, and jamesonite, 
PhSbS,, of the acid HSbsS,, ete 

480, Water of Crystallization. — As stated in Art. 476, the hydroxides, 
or buses, and further busio salts general, yield water when ignited. Thus 
ealeium hydroxide Ca(OH), breaks up on heating into CaO and 1,0, as 
expressed in the chemical equation 


2Ca(OH)s = 2Ca0 + 1.0, 


So aleo the basio cupric carbonate, malachite, Cu(OE),CO,, yields water on 
ignition; and the same is true of the complex basic orthosilicates, like zlsite, 
whose formula is (HO)Ca,AL(Si00s. It is not to be understood, however, it 
these or similar eases, thut water as such ie present in the substance, 

On the other fiand, there is # large number of mineral compounds whieh 
yield water readily when heated, and in which the water molecules are: 
is prownt as wocalled wer oferytalistion, Thus, the formula of xypaum 
is written 


Ca80, + 21,0, 


and the moteaules of water (2,0) are considered as water of erystallization, 
So, too, in potash alum, KAN(S0,)s + 12E,0, the water is believed to play the 
sume part. 

. Formulas of Minerals. —‘The strictly empirical formula expresses 
the kinds and numbers of atonis of the elements present in the given com- 
pound, without attompting to show the way in which it is believed that the 
toms are combined. ‘Thus, in the ease of zoisite the empirical formula je 
HCaALSiOs. While not attempting to represent the structural formula 
(which will not be discussed here), it is convenient in certain cases to indicate 
the atoms which therois reason to believe play s peculiar relation to vach other, 
‘Thus the same formula written (HO)Ca:Aly(Si00) shows that itis regarded as 


ell HAPOy that i 1GOde whi thie ne 

ficid HPO, that i, iu whieh the arms are 
placed by four Ca atome together with the tinivalent mdial (Cal), Ta 
fanothor kind of apatite the 


CaO. COs for ClO, 
BCA), ALOs . 35103 for CarAlS:,On, 
BAgS . SbS, for AgSbS, ete. 


Iti no longer believed, however, that the molecular CaO, ALO,, ete,, 
actually exiat in the molecule of the substance. But in part because’ these 
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groups are what analysis of the substance affords directly, and in part because 
so easily retained in the memory, this method of writing is still often used. 

482. Calculation of a Formula from an Analysis. — The result of an 
‘unalysis gives the proportions, in a hundred parts of the mineral, of either the 
elements themselves, or of their oxides or other compounds obtained in the 
chemical analysis. in order to obtain the atomic proportions of the elements? 

Divide the percentages of the elements by the respective aomse Wears; 
‘or, for those of the oxides: Divide the percentage amounts of each by their 
MOLECULAR Watcnts; then find the simplest rafto in whole numbers for the 
numbers thus oblained, 


oc fare — A analy of burnt tr, WolibeggveO, Brome the rem 

i A : scien Sees et 

Re i a eon een cen ee 
eg fon eae Garret is CRESS: ‘The theoretical valuos called for by the formula. 
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Pb 4258 + S04 = 0-208 1 42 
on 1306 + 032 = 0207 1 130 
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Seo Bzample, — The mean of two analyaes ofa gamet fom Almas gave Kountea the 
reuilta under {1} beiaw. Hee, aa mil, the percentage amount ofthe several mokrulae 
FATE, (op, ee een ia a tow of the clement. Time amount 

vided by the nespeedive mofectiar weights give the numbers under (2). Ia ths ease the 
‘inounta of the protoxides are taken together aad the ratio thus obtained iy S00 1-203, 
‘hich ements approximately to the frmala SFO, ALO) ASO, or FraAl(SH00)s. The 


Ee a ae 
f ri togncher With the ample alcite moletule Whae composition 
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Tes necomary, when vory small quantities only of certain cletnents (as MnO, MgO, Ca, 
{get tn tl font rockonlag ther nw Sots 
Irhich theo! replacd, thot a, with thowe of tbe same quantivalenee. The degree core 
woniymaand the foruna deduced if tbe ister i» eoreecly amused, 

‘entirely upon tho accuracy’ of th former. 


488, Ieomorphism. — Chemical compounds which have an analogous 
composition and a closely related crystaliing form are commonly said to be 
feomorphous. ‘This phenomenon, called isoMonraism, was first clearly 
ae oy ih ids will be found. 
xy examples of groups of isomorphous compounds will be foun 

the minerals described in the following pages. Some examples are ment 
here in order to elucidate the subject. 

In the brief discussion of the periodic classification of the chemical elo- 
‘ments of Art. 467, attention has been called to the prominent groups among 
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the elements whieh form anslogous compounds. Thus ealeitim, barium, and 
strontium, and also lead, form the two series of analogous compounds, 


Aragenite Group Barite Group 
CaCO, ite. Also CaSO, anhydrite, 
BaCOy, witherite. BaSO,, barite. 
‘SrCO,, strontinnite, S104, celestite. 


PbCO;, cerussite. PLSO,, angiesite, 


Further, the members of euch series erystallize in closely similar forms. ‘The 
carbonates are orthorhombic, with sxial ratios not far from one another; thus 
‘the prismatic angle approximates to 60° and 120°, and corresponding to this 
they all exhibit pseudo-bexsgonal forme due to twinning. ‘The sulphates also 
form a similar orthorhombic series, and though anhydrite deviates samewhnt 
widely, the others are close together in angle and in cleavage. 

Again, calcium, magnesium, iron, 2ine, and manganese form » series of ear 
Donates with analogous composition as shown in the list of the species Gf 
the Cale Group given on p. S11.” This table brig out leatly the close 
relation in form between the species named, 

Further it also generally true with an isomorphous serie thatthe various 
molecules may enter in greater or less degree into the constitution of one of the 
members of the series without causing any marked change in the crystal 
charter, |For instance, in the Calelte group, calcite itself may eantain 
ssnall percentages of MgCO,, FeCO, and MuCOy. ‘These different ansloculen 
thay assume ithe eral sirucure of the mineral the ame funetions 1s the 
corresponding amount wi ive replaced. molecul 
of magnesite and siderite, MgCOs and FeCO:, may replace each other in any. 
proportion and the same is true with siderite and thodochmisite, ‘MnCOy 

‘arjous intermediate mixtures of these Jatter molecules have been described! 
4nd given distinetive names to which definite formulas have been assigned, 
Tris doubtful, however, if these compotinds hsve any real existence but merely: 
represent certain points in the complete isomorphous series thit lies between 
the end members. Dolomite, CaMg(CO)s, on the other hand, is n definite 
compound and not an isomorphous mixture of CaCO; and My Tt may, 
however, contain varying amounts of FeCOs, MuCO, aud also un exces of 
CaCO; or MgCOy, of which enter the regular molecule in the form. of 
isomorphous replacements. 

‘The Apaite Group forms another valuable istration since in tare 
represented the analogous com apatite and pyromorphite, hoth phos 
pe but tively phomphutes of ealcium aud Tend; ale the senton 


Trometric Sy — ‘Spinel rf including spinel, MeAhO,; aloo magnetite, 
earn eins qe, en Freleng sto MALO ao ana, 
She Carnal ry ae henlnte CaaS, Hl POS gett, 
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Tetrogonal System, — Rutile casiterite, a0, ‘The 
Scheelve group, tolling sebeolis, Cat rents, POMoO” 


espa! Syuem.—* Apnite froup, ald meatined Sacluding apa 
nf and annie, “Card ro cru, Mio, ‘Bemstde ade 
‘Sen Areal ou, nl Barite group, both mentioned above. 

Oizestis orp, lg, Fe) Si0,; Topas group, ete, a 
jonadlse Sten" Coppers frou mdanterive, FSO, + THO} beberte, 


in 
cade 70, et ‘Rugiole rapa und the Dc ro 
meine fic Some elipat prot = 


Teor: in the broader senso in which the word is gommonly used 
expresses the relations that exist between a series of substances of analogous 
chemieal formulas and analogous structures. Analogous formulas 
possess an equal number of atoms and of positive and nogative constittients. 
‘Analogous structures are composod of geometrically similar eleinentary paral- 
ielepipeds in which an equal number of atoms are arranged in a geometrically 
similar manner. Such isomorphism occurs when the relative size of the 
‘atoms and certain of their physical properties are nearly the same.* ‘This 
theory, known sometimes aa volume ieomorphizm, accounts for the fact that 
cloments of distinetly different chemical charadter, and even of different 
valence, may substitute for each other without changing the crystal structure, 
Tt would explain not only why calcite, CaCO, and sodium nitrate, NuNOs, 
crystallize in closely related forms but also why rhombohedrons of sodium 
nitrate will from a solution upon a cleavage rhombohedron of cal- 
cite with Pinning dip atiitéy, ot quall- 

Isomorphigm in a narrower sense expresses: ability of quali. 
tative diferent substanoss to form togethor in a mixed erystal, | Usually 
th elements that may mubstitute for each other nme chemically lowly related, 
‘usin the illustrations given above. But here also the volume of the atoms 
involved or, perhaps better, the volume of the atomic groups, must be nearly 
equal. ‘Tha isomorphous feldspar series, described in the succeeding article, 
illustrates this point. 

484. Isomorphous Mixtures. —It is important to note that the inter- 
mediate compounds in the case of an isomorphous series, such as those spoken 
of in the preceding article, often show a distinet gradation in crystalline form, 
and more particularly pe ical characters (e.g., specific gravity, optical 
properties, ete.). ‘Thins illustrated by the species of the calcite group already. 
referred to; also still more strikingly by the group of the triclinic feldspars as 
fully discussed under the description of that group. See further Art. 436. 

feldspar alo illustrate two other important points in tho mubjet, 
which must be briefly alluded to here. The triclinic feldspars have been shown 
by ‘Tachermak to be isomorphous mixtures of the end compounds in varying 
Proportions: 


Albite, NaAISi,O; Anorthite, CaALSi:Os. 


Here it ie seen that these compounds have not an’ anilogous composition in 
the narrow sense previously illustrated, and yet they are isomorphous and form 
an leomorphous series. Other examples of this are found among the pyrox- 
ens, the seapalites, ote 


* For discumion of movern theoris of erymal srackure and chemical composition oe 
v. Mi Ges rn Faraday Soy 469.255 1008" tt 
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Further, the Feldspar Group in the broader sense includes several other 
species, conspicuously the monoelinie orthoelase, KAISLOs, which, thou 
belonging to 0 diferent system, still upproximinten clewely’ in form to 
trielinio spcies, 

485, Variation in Composition of Minerals. Isomorphous Replacement 
and Solution. —The idea that 4 mineral must rigidly conform in its 
chemical composition to a theoretical composition derived from its formula 
con.no longer bestriatly held, Its true thut the majority of minerals do show 
1 close correspondence to that theory, commouly within the limits of possible 
errom in the analyses. On the other hand, many minerals show slight, xnd 
fertain ones considerable variations from their theoretical compositions. 
‘Those variations ean usually be explained by the principle of isomorphiam, 
{ipjnstmetive examples thy ease of epaleite, | Noto in the annines quoted 

low how the percentages of ino di und those of iron correspondingly 
inereaae” Iti evident fren these analyses tat ton, and Ina taee ante 
slegree other metals, may entor into the chemical compound and while replae- 
{ng the sine perform the sune function set in the erystaline structure of the 
mineral, is therefore spoken of a8 being fsomorphous with the zine 
(or the iron sulphide molecule as isomorphous with the zine sulphide molecule. 
‘There is no definite ratio between the amounte of the iron and ine that may 
he present but there is a constant ratio (1:1) between the sum of the atoma 
of the metals and th atoms of sulphur. ‘That is, although the composition 
‘may vary, the atomic ratios and the erystalline structure remain constant. In 
some cases this interchange between ‘elements or radicals may be complete, 
in other eases there may be distinct limitations to the amount by which any 
element or radical may be repliced by another. For instanee in mphulerite 
the maximum percentage of the isomorphous iron seems to be about 16 to 
18 per cent. 


Colorlows Sphialerito Brown Sphalerite Black Sphaterite 
$3208 3 33.96 BS Ra5 
Zn 6.00 Ze 68 Zo one 
Fe aaa Fe 00 kg 

Took Too ca om 
Tose 


Further, we have cases where a compound may, in « certain sense, dissolve 
smother unrelated substance and form what is known as a solid’ eolution. 
‘This kind of phenomenon is well recognind among artifical salts and has 
yeevally been definitely proved with certain For instance, it; hae 
been shown experimentally tht the artificial iron sulphide, FeS, eorespond 
ing to pyrrhotite, can dissolve an excess of sulphur up to about 6 per cent, 
Natural pyrrhotite always contains an excess of sulphiie over that required by 
‘the formula, FeS, und varjous formulas such as FesSy, FesSeq,,ete., have been 
assigned to the mineral. This extra sulphur in the mineral Varies in umount 
but also has aa its maximum about 6 per cent, In view of the experimental 
data there is no doubt but that pyrrhotite should be considered na the mono- 
‘sulphide of iron containing varying sinall amounts of exeess sulphur in the 
Sr ieake eee onlin mdoubtedly 

eae solution is undoubtedly shown by nephelite which 
ommonly containa 8 small exces of SiO. Iie very povbable tat fortior 
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investigation will show that many minerals have this power of holding in 
solid solution small amouate of foreign substances and that many hitherto 
inoxplicable discrepancies in their analyses may be explained in this way. 
Sach an saramption should not be made, however, without convincing proot 
of its probability, since many analytical diserepancies are undoubtedly due 
cither to faulty analyses or to impiire material. 

436, ‘Minerals or Mineral Gels.*—It has been recognined 
recently that our amorphous hydrated minerals frequently do not conform in 
their analyses to the usually secepted formulas and cannot be regarded tn the 
strict sense as definite chemical compounds, They show rather the proper- 
ties of solid colloids or ss they are commonly called mineral gels. A colloidal 
solution may be conceived as being intermediate in ite characters between 
truv solution in whieh the salt in solution exists in particles of molecular size 
fund the ease where the mineral material is definitely in suspension in a liquid, 
Ite particles being visible und removable by filtration. It is probable that 
gradations between these two extremes may occur. ‘The mineral gels, or 
hydrogels, as they are sometimes called, since water is the liquid involyed, are 
apparently formed from such colloidal solutions by some process of eonguli 
tion. They are considered therefore to consist of x miero-heterogencous 
mixture of excessively minute particles of mineral material and water. ‘The 
size of tho individual particles is sub-tnicriseopic but usually miveh greater 
thin thut of the molecule, The particles might very well have a definite 
crystalline structure. 

‘These mineral gels are formed at low temperatures and pressures and are 
churacteristically found among the products of rock weathering and in the 
oxidized zone of oro deposits. Some of them also oecur in bot spring deposits, 
‘These minerals ordinarily amsume botryoidal reniform or stalactitie shupes, 
although, when the conditions of formation do not permit free growth, they 
may be earthy or dendritic, Frequently mineral originally colloidal may 

ie more or less erystaltine in character through a molecular rearrange- 
ment and develop a fibrous or foliated structure, ‘These have been designated 
‘as mela-calloids. 

One important character of the gel minerals is their power to adsorb for- 
¢ign materials. If through some change in condition one of these hydrogels 
should lose a part, of itn water content the remaining material would have = 
finely divided and porous structure exactly adapted to exert n strong power 
of adsorption. Consequently, although in many caves the main mass of the 
mineral may have composition closely similar to some definite 
mineral, it will commonly show a considerable range in composition due both 
to the non-molectilar relations of the contained water and to this 
adsorption, Common mineral gels or aubstances derived from them are 
bauxite, pailomelane, various members of the phosphate and arsenate groups, 
ele. As suggested above, gel vurioties of minerals that, oceur algo in erystal- 
line forms ure thought to exist. For example some authors speak of bauxite 
as the gel form of bydrargillite, sti ite as the gel form of goethite, 
chrysocolla of dioptase, and further give new names, such ns gelvariscite, 
selpyrophylite, ete, Uo the gel phases of the eorresponding erystalling min 


5. Fora gu ofthe majo of gt minora and a compote Wlgrapy, rere a 
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487, Dimorphism. Isodimorphism.—A chemical compound, which 
{Ek fomrpny, orn oer morph "The pennton alia 
three, tr sor in i Phenomenon ig 
DIORrinsat “or roLeMOMrNtsM, tion of dimorphism les in 
proves Cnt the plyiea) roperio fs seiostl Gepaad fat fet wan tat 
roves that iysical properties of a min not only upon 

emioal gherneter of its eousituent atagss but quite ag definitely Upon the 
manner in which they are arranged in the structure. 

‘An example ia given by the eompound ealcium eurbonate (CaCO), which 
is dimorphous: appearing as calcite and as aragonite. As calcite it erystallizes 
in the rhombohedral elass of the hexagonal system, and, unlike as ite many 
crystalline forms are, they may be all referred to the same fundamental axes, 
and, what is more, they have all the same cleavage and the aame specific 
gravity (27) and, of course, the same optical charscters. As aragonite, eal- 
cium tarbonate appears in orthorhombic crystals, whose optical characters 
are entirely different from those of calcite; moreover, the specific gravity of 
aragonite (2-9) is higher than that of calcite (27). 

Many other examples might be given: reas SSG C10 fk 
morphous, the species being called rudile, tetragonal (c = 0-6442), G. = 4:25; 
wcahedrt, (c= 1778), G. = 3-9; and brookite, orthorhombic, 
G. = 415, m appears in two forms, in dismond and graphite. Other 
familiar examples are pyrite and marcasite (FeS,), aphalerite and wurtzite 


(Zn), et 
oie ‘0 or more analogous compounds are at the same time isomorphous 


hen 
and dimorphous, they are said to be isodimorphous, and the phenomenon is 
talled tsopnwontinsal An example of this is givea in the Pyrite and Mare 
ceasite groups deseribed Inter. ‘Thus we have in the isometzic Pyrite group, 
pyrite, FeS,, smaltite, CoAs:; in the orthorhombic Marcasite group, marea— 
site, FeS, saffiorite, Coss, ete. 

488. Chemical and Microchemical Analysis.— The analysis of min- 
¢erals is a subject treated of in chemical works, and noed not be touched upan 
here except s0 far as to note the convenient usb of certain qualitative method, 
4s described in the later part of this chapter. 

‘Microchernical methods of analysis are of Importance, ‘They. ure espe 
Sally valuable when only minute xmount of material save for testing 
‘hey are performed usually on a ghisxs Inced under a microscope. 
anineral grain to be tested is dissolved in uw very small amount of liquid and to 
this is adrop of a suitable reagent. The tests involve ‘the for- 
‘mation of characteristically shaped crystals, At times a color reaction con- 
stitutes the test, M methods have also been used in t 
mineral grains that occur in uncovered rock sections. It is impossible to 
treat adequately here this very useful method of chemical analysts, and tho 
reader must be referred to the various text-books listed below. ‘The subject 
has been particularly developed by Boricky, Haushuter, Behrens Sireng, and 
‘thers ”Keforence ts made to the diseuslon by Roséubusch (tir Biya, 
1004, p. 435 fe.) and to Johannsen (Msnual of Pet. Method, p 30, ee 

: oe 


ineluding a bibliography). Microchemioal method aye been applied 
udly of the opaque minerals, particularly those thay serve. ay ores 
reactions sre performed upon uncovered polished surfaces of the minerals. 
Observation in polarized light (aoe Art, 489) is often useful, Many important 
facts concerning the origin and interrelation of the ore minerals have been 
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established by Investigations of this character, ‘The terms mineragraphic, 
mineraloppht, and chlcographi, have been used (o designate this method 
of study. For details see Murdock (Micro. Deter. Opaque Min., 1916), 
Davy-Farnham (Miero, Exam, of the Ore Min., 1920), Farnham (Deter, of 
the Opaque Min., 1931), Sehneiderhon and Ramdohr (Lehrbuch der Era 
imikroskopie, 1931), Short (Microscopic Deter. of the Ore Min,, 1931), 

4439. Use of Polarized Light with Polished Opaque Minerals. — When 1 

[sree peti ue mineral is illuminated by a beam of polarized 
ight and then viewed through a nicol prism with ita plane of vibration ap- 
proximately perpendicular to the plane in which the reflected light is polari: 
‘optical effects are to be observed similar to those given to transmitted pol 
light by transparent minerals. In the ease of isometric minerals, the illumi- 
ration or color does not change when the mineral is rotated upon the stage 
‘of the microscope. But with anisotropic minerals there will be » distinct 
change in illumination with two or four positions during the rotation that 
correspond to the positions of extinction of transparent minerals. ‘There may 
Also be & change in color with the change in position of the mineral section. 
‘This method is very useful in distinguishing between isotropic and. anisotropic 
minerals, and certain minerals show characteristic effects that aid in their 
Uotermination, but the method eannot give the quantitative results that are 
to be obtained when transparent minerals are examined in polarized light. 
4 discussion ofthis uso of polarized light, together with the important refer 
ences tothe iterator, is given by Shor in Bul. 825, U.S. Geo, Sur, pp. 39 
ey, 1931. 

490. Mineral Synthesis. —The occurrence of certain mineral com- 
ponds (ex, the chryzoltes) among the products of metallurgical furnaces 

Jong been noted, But it has only been in recent years that the formation 
of artificial minerals has been made the subject of minute systematic experi- 
mental study, In this direction the French chemists Pare tees particularly 
successful and very impartant work has been done at the Geophysical Labors~ 
tory of the Carnegie Institution in Washington, and now it may be stated 
Uat the majority of common minerals— quartz, the feldspars, nmphibol 
mies, ete,—have been obtained in crystallized form. Even the diamon: 
hus been formed in minute crystals by Moissan. ‘These studies are obviously 
‘of great importance, particularly ax throwing light upon the method of for 
mation of minerals in nature. ‘The chief resulia of the work thus far done 
‘ture given in the volumes mentioned in the Introduction, p. 5, and as far as 
Ppsaible the information available concerning the conditions of mlneral 

formation has been summarized under the description of the individual 
‘minerals in Part V. 

491. Alteration of Minerals, Pseudomorphs. —'The chemical  altern- 
tion of mineral species under the notion of natural agencies is 4 subject of 
‘great importance and interest, particularly when It results in the change of the 
original composition into some other equally definite compound. A crystal- 
lied mineral which has thus suffered change so that form no longer belongs 
to its chemies! composition has already been defined (Art. 278, p, 205) a8 a 
peudemorph, 1 remains to describe more fully the different kinds of psoudo- 
morphs. Pseudomorphs are classed under several heads: 

1. Pseudomorphs by aubstitution. 

2 Pseudomorphs by simple deposition, and either by (a) incrustation oF 
@) infiltration. 
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3 Pseudomorphs by aeration; and these may be altered 
1) without @ change of composition, by paramorphisn; 
3) by the loss of a ingredignts 
(c) hy the nasuunption of a foreign-substanice; 
(d) by ® partial exchange of constituents, 


‘of fossilized wood, where the original fiber has been replaced entirely. by 
ities ft siep in ne proce wa the filing of Ui pores and cavitin 
by the silica in solution, nad then ns the woody fiber, by gradual decomposi- 
tion, disappenred the silica further Look ita place, Other examples are quarts 
after fluorite, ealcite, and many other species; cassiterite after urthoclase; 
rhative copper after aragonite, ete. 

2, Paoud by inerustation form a Joon important class. Such are 
the orusts of quarts formed over fluorite. In most eases tho removal of the 
Doriginal minoral haa gone on nitnultaneously with the deposition af the second, 
so thnt the resulting proudomorph is properly one of mbstitution, In psoudor 
morphs by infiltration a cavity made by the removal of uw cryntal hie been 
filled by another mineral 

a 


(0) An example of the 


bys of ingredients i fara 
uy 


‘ite, 

in ‘the change of cuprite to malachite — ¢g., the familiar eryatuls fr 
Chemy, France en nance igalfonded af the anim of at ingredient 
Vik, earbon dioxide (and water), Pseudomorphs of gypeum uftee coke telco 
oxi rare there aa been an aamunption of water ce sa 

(d)_A partial exchange of constituents — in other words, a loas of one ance 
gain of another — takes place in the change of feldspar to knolin, ts wlich the 
Potash silicate disappears and water is taken up; pacudomorphe of Ineente 
after ite sete of chlorite after garnet, Pyromorphite after galena, 
fare other examples. 

‘The chemical processes involved in such changes wide and imy 
tant field for investigation, Thoir study han served to throw inuch light ga 
he eal cotton of mineral spies wp the conditions ur ih 

ave formed. For literature iject 
ae ey hie ‘Bischoff, Roth, ete,). rect se the Intent 
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CHEMICAL EXAMINATION OF MINERALS 
gation of the chemical composition of » min- 
elements 


Au approximate qualitative analysis, however, can, in many cases, be 
quickly and simply with few com methods employed involve 
tither (a) the use of seids or otber reagents “ io the wet way,” or (b) the tise 
‘f the blowpipe, or of both methods combined. Some practical instructions 
will be given applying to both eases. 


EXAMINATION IN THE WET WAY 

493. Reagents, ete. — The most commonly employed chemical reagents: 
are the three mineral acids, hydrochloric, nitric, and sulphuric. To these 
may be added ammonium hydroxide, also solutions of barium chloride, silver 
nitrate, ammonium molybdate, ammonium oxalate; finally, distilled water 
in a wnsh-bottle, 

‘A few teit-tubes are needed for the trials and sometimes x porcelain dish 

ealled a easerole; further, a glass funnel and filter-paper 

{The Bune pao-burner (p. 961) M the best souren of heat, though an 


ting the po mineral with the acids, the Important points to be 
noted are: (1) the of solubili 2) 
or partial solution; that is, whet 
fervescence und, if 40, what ite calor is; 
effervescence; or (e) an insoluble constituent is 
In 
4s most common though in the ease of tua 
‘sulphides and com ‘of lend and silver, nit 


phates, many phosphates and arvenates, 
‘only int aqua regin or nitro-hydroehloric 
‘A yellow solution is usually obtained if much iron is present 
ish bine solution (turning deep hie on 
i ide in excess) from compounds 7 


(0) Solubitity with 
ient, of when one is 
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Hydrogen sulphide (HS) is evolved by some sulphides when dissolved in 
aydeothioe td ie eee Cphaleni sine ela, Thiers rai 
recognized by its offensive odor, 

“Morina is evolved by oxides of manganese and also chromie ard vanadic 
acid salts when dissolved in hydrochloric acid. 

Nitrogen dioride (NO,) is given off, in the form of red suffocating “ames, 


by many metallic minerals, and also some of the lower oxides (cuprite, etc.) 
when teeated with nite adi 2a pega 


(©) The separ 
silicates, the wl 
in the Ia 

to test 


ehlorie 


Some compounds of titanium snd tungsten are decomposed by hydro- 
chloric acid with the separation of the oxides of the elemente named (TiO, 
Wo) Themame is true of salts of molybdic and vanadie acide, oly hat here 
he andes are soluble in an exes of the aid iodo ei 

inds containing silver, mercury give wit lorie 
acid insoluble residues of the ides, These wumpounds are, however, 
soluble in nitric acid. 

When compounds containing tin are treated with nitric acid, the tin 
dioxide (Sn0,) separates as a white powder, A corresponding reaction takes 
plice under similar circumstances with minerals containing aysenie and 
antimony, 

Insoluble Minerals. — A large number of minerals aro not sensibly ste 
tacked by any of the acids. Among these may be named the following 
oxides: corundum, spinel, chromite, dinspore, mutile, cassiterite, quarts; 
also cerargyrite; many silicates, titanntes, tantalates, and niobatess sone of 
Us aunts, bari, eeatie; many' phosphates, a8 xenotime, lanulte, 
ehildrenite, amblygonite; also the borate, boracite, 

456. Bkamination of the Solution. — ifthe ined is dieu, or 
‘only partially, soluble, the question as to solubility or insolubility is not always 
settled at once, Partial solution is often shown by. the ‘color given 10 tho 
liquid, or more generally by the precipitate yielded, for example, on the addi- 
tion of ammonium hydroxide to the liquid filtered off from the remaining 
powder, The further examination of the solution yielded, whether frors par- 
tin} or compiete solution, after the separation by filtration of any insoluble 
residue, requires the systematic Inboratory methods of qualitative analysis, 

Teruay be noted, however, that in the enae of sulphate presence of 
sulphur ig shown by the precipitation of » heavy white powder of barium 
sulphate (BaSO,) when barium chloride is added. ‘The Presence of silver in 
solation is shown by the separation of white ourdy precipitate of silver 
chloride (AgCl) upon the addition of any chlorine compound; conversely, the 
tame precipitate shows the presence of elorine whwa aller nitrates ada 
to the solution. 


Again, phosphorus may be detected if present, even in small quantity, 
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in a nitric acid solution of a mineral by the fine yellow powder which hha 
soxnetimes after standing, when ammonium molybdate has been added, 


EXAMINATION BY MEANS OF THE BLOWPIPE* 


496. The use of the blowpipe, in skilled hands, gives a quick method of 
obtaining © partial knowledge of the qualitative composition of mineral, 
‘The apparatus needed includes the following articles: 

Blowpipe, lamp, forceps, preferably with platinum points, platinum wire, 
chareoal, glass tubes: also a small hammer with sharp edges, a steel anvil an 
inoh or two long, « horseshoo magnet, « xmall ygnte mar- ost 
tur, a pair of eulting pliers, a three-carnered file. 

‘Further, test-paper, both turmeric and blue titmus 
Paper; i little pure tin-foll; also in small wooden boxes 
the fluxes: borax (sodium tetraborate), soda (anhydrous # 
sodinm earbonate), salt of phosphorus or microcosmie 
salt (sodium-ammonium phosphate). acid potassium sl 
phate (HKSO,); also solution of cobalt nitrate in a 
dropping bulb r bottle; farther, the three neds mentioned 

1, 499. 


497. Blowpipe and Lamp.— A good form of blowpipe 
is shown in Fig. 651. Tho air-chamber, at a, is essential 
Xo stop the condensed moisture of the tireath, the tip (6), 
‘which is removable, is usually of brass, (¢) js removable 
muitthpieee which may or may vot be used aa preferred. 

“The most, convenient form of laygp is that furnished 
an ordinary Bunsen gas-burner? (Fig. 652), provided with 

662 a tube, b, which when ised eu 
off the uir supply at a; the then 
burns nt the top with the usual yellow + 
flame. This flame should be one to & 
‘one and o half inches high, ‘The tip 

b of the blowpipe is held near (or just. within the flame, 

see beyond), and the air blown through it causes the 
flame to take the shape shown in Fig. 64. 

Tt is necewury to learn to blow enntinuanusly, that is, 
to keep up # blast of air from the compressed reservoir 
in the mouth-cavity while respiration is maintained 
through the nose. ‘To accomplish this successfully and 
at the ste time to one clear flame without un- 
necessary Fatiguing effort calls for some practice. 

When the tube, , is removed, the gas burns with # colo flame ond is 
used for heating glass tubes, test-tubes, ete. 

498. Forceps. Wire. — The forceps (Fig. 653) are made of steel, nickel 
plated, und should have « spring strong enough (o support firmly the small 

~The wilject of the Biowpipe and ita uke i treated. very biti fy thie place, Tho 
stole rho Shes to be fly nfo tt nly tn vega to tr ine othe abou inte 
‘Seri hei “peut atta oo te subj 'ibe owt Pelt Manual af eae 
Inti Mineaigs, wi an Intodaon om Bowpipe Aways, partially tobe 

 tustend ‘of this, a good staarin candle will anawer, or an oil Marve with fint wick. 
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fragment of mineral between the platinum points at d, ‘The steel points at 

the other end are used to pick up small picces of but must, not be 

inserted in the flame, Care must, be taken not to injure the platinum by allow- 

ing it to come in contact with the fused mineral, especinily if this contains 

Sntimony, arsenic, lead, etc, Cheaper forceps, snide of mteel wire, ete, while 
wi 


‘nol so convenient, will also serve reasonably . 

A short length of fairly stout platinum wire to be used in the making of 
bead tests should be available. A similar length of finer wire for making 
flame tests is leo desirable, 

499. Charcoal.— The charcoal employed should not gap snd should 
yield but little ashi; the kinds made from basswood, pine oF willow tre best. 
Ii is most conveniently employed in reotangular pieces, say four inches long, 
sn toch wide, and three-quarters of an inch in thickness, ‘The surface mus, 
always be perfectly clean before each trial, 

‘500. Glass Tubes. — Tho glass tubes should be preferably of two grades: 
‘8 hard glass tubing with about 5 mm. interior diameter to be cut in five inch 
lengths and used in open tube tests and a soft glass tubing with about 3 mm, 

653 interior diameter to be in about six inch lungths, each length yield= 
OL Blowpipe Fame. ‘The blowpipe flame, shown in Fig, 654, 

io — » shown in 
# Goucistd:of thes comers an inner of a Fite colts; o7a second coe 
violet cone, 2, and an outer invinible cone, a. ‘The cone ¢ consists of 
unburned gas mixed with airfrom the blowpipe, ‘There is no combus- 
tion in this cone and there- 
fore no heat, ‘The cone & 


merely a gas envelope composed of 


lity is to 


‘The point o, Fig. 654, is ealled the oxmprerxa riaste (0.F.); it is charac 


‘The cone b is valled the meouera rane (RI); it is charnoterized by 
‘tha excess of the carton or hydrocarbons of the gas, which ut the high tens, 
erature present tend to combine with the oxygen of tho mineral brought into 
it (at r), or; in other words, to reduce it. “The hest reducing flame is produced 
when tho blowpipe is held & little distance frooa te gus flame; I ahould cote 
the yellow colar of the latter on its upper edge. 
seals edad tel i) ta tae forsee erin, of the 

examination, (1) in the forceps, and 
‘tubes, (3) on charcoal ein ‘support, and (4) with the fluxes on the 
tinum wire. 
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1. Bxasmvarion ty re Forcers 


503. Use of the Forceps, — Forceps are employed to hold the fragment 
of the mineral while a test is made as to its fusibility; also when the presence 
of a volatile ingredient which may give the flames characteristic colar is tested 
far, ete. 


‘The following practical pointe must be fed: (1) Metallic minerals, especially thowe: 
‘containing arsenic of autimony, whieh when fused might injure the platiniim of the f¢ 
SSR en er, to ne ey i 
es =i. = i 
Sine rier ee eee Ta aren ee 
‘(he mineral may be por noi. pom wa with: thick enough to be. in the 
{oreepe or on the platinum wire; or thay, with the aaine end in view, be heated om 

: 


‘areal: (2) the frugment whee fai to be estes be eld x the hottest 
tthe fame, just beyond the extremity of the hie cone. oe 


604. Fusibility.— All grades of fusibility exist among minerals, from 
those which fuse in large fragments in the flame of the candle (stibuite, see 
below) to those which fuse only on the thinnest edges in the hottest blowpipe 
flame (bronsite); and still again there are a considerable number which are 
entirely infusible (e, ium), 

‘The exact determination of the temperature of fusion is not easily accom= 
plished (cf. Art, 448, p. 332), and for ‘of determination of species it is 
Unnecessary. ‘The te relative degree of fusibility is readily fixed by’ 
referring the mineral to the following scale, suggested by von Kobell: 


1. Stibnite. 4. Actinolite. 
2 Nutrolite (or Chalcopyrite). 5. Orthoclase. 
3. Almandite Garnet. 8, Bronaite. 


605. In connection with the trial of fusibility, the following phenomena 
may be observed: (a) coloration of the flume (see’Art. 606); (0) awelling up 
{ctilbite), or exfoliation of the tnineral (vermiculite); or (c)” glowing without, 
Hanon (bet); and (d) intumescence, ot a spurting out of the mass as it fuses 

(seapolite). 

‘The color of the mineral after ignition is to be noted; and the nsture of 
the fused mass is also to be observed, whether a clear or blebby glass is ob- 
tained, or black slag; also whether the bead or residue is magnetic of not 
(due 6 iron, less often nickel, cobalt), ete. 

‘The ignited fragment, if nearly or gule infu, may bbe moistened with 
the cobalt, solttion and ignited, in which ease, if it turns blue, this 
indicates the presence of aluminum (aa with kyanite, topaz, ete.); but note 
that aino silicate (calamine) also assumes a blue color. If it becomes pink, 
this indientes a compound of magnesium (as brucite), 

‘Also, if not too fusible, it may, after treatment in the forveps, be placed 
upon a strip of moistened turmeris paper, in which case wn alkaline reaction 
proves the presence of an alkali, soditim, potassium; of an alkaline earth, 
waleium, barium, strontium. 

606.’ Flame Coloration. — The color offen imparted to the outer blow 
pipe flame, while the mineral held in the forceps le being heated, makes pos 
sible the identifieation of a number of the elements. 


*A timony, ani ealy redocile wet Uke fad, alan copper, form more oF 
em bi lily wi latina bi 
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‘The colors which may be produced, and the substances to whose presence 
they sre due, are a8 follows: 


© Potassium, 


yale rose, far la ala given by the axide or ai of molybdenum; & binish 
vou Jr fn Soci Uy lng Se Sane ate ugh of gat 
ich feo tke wrtetonh ate or hae ala 
wit a Una oecrroen eats ea oa 
toe die alr uncle cee fee 
oe wil eeu ths mecerkes et of ee 
rat vet or of tie secant er a a 


tie pot aiepa the tower nor ny be fa op 

fea equal Sotume. of gepaany wt 

fet ri enema foe gh reo uote an a pol 
wa yelde the charncteriatio green Game of boron. Phoephatoy anil buries ive 

feeen dame in geval best shee they have len yulbeiaed and motel th ipaie 

Seid. Moistening with hyroehiorie acid maker the eolomiton move distinct ia many eae 

{a with the exsbontates of ealoiua, barium etecntiany). 


2, HeaviNe wv Tae Cuosen ann Oren Tunes 


508. The tubes ure useful chiefly for examining minerals containing 
‘Volatile ingredients, given off st the temperature of the gas flume, 

In the case of the closed tube, the heating, ‘on practically uninfluenced 
by the sir present, since this is driven out of the tube in the early stages af 
the process. In the open tube, on the other hand, a continual stream of hut 
air, that is, of hot oxygen, passes over the assay, tending to produce oxidation 
‘and hence often materially changing the result 

509. Closed Tube.—A small fraganent is inserted, or a small amount of 
the powdered mineral — in this ease with eare not to soil the sides of the tube 
—and heat is applied by means of the ordinary Bunsen flamne. The presence 
‘of » volatile ingredient is ordinarily shown: eg the deposit, or sublimate, upon 
the tbe at same distance abave the ssay: where the tube is relatively co, 

Independent of this, other phenomena may be noted, namely: decrepit 
tian, ux shown by fluorite, calcite, ete.; glowing, as exhibited by gadolinite; 
Phosphorescence, of which fitorite is an example; change of color (limonite), 
End here the eclor of the atmeral should be rated bout akee het yeni, 
after cooling; fusion; giving off azygen, as mercuric oxide: yielding acid oF 
alkaline vapors, whieh should be tested by inserting a strip of molatenod 
litmus or turmeric paper in the tube. 

Of the aublimater whieh form in the tube, the following are those with 
which it is most important te be familiar: 


* Ndiyminm gles may alvo be used wa with w light flte, 


globule, aces the same, bt 
J part dark red when very small; the ‘Of lest and oxides of arenule nd antisony 


sive white sold mublimaten, 


610, Open Tube.—The small fragment. is placed in the tube nbout 
‘un inch from the lower end, the tube being slightly inclined (say 20°), but not 
enough to enuge tho mineral to slip out, and heat applied benexth, The cur- 
rent of air passing upward through the tal process has an 
Cxidining effet, The special phenomena to be observed a the formation of 
‘a cublimate and the odor of the eseaping gasses, ‘Tho ncid or alkaline character 
of the vapors is tested for in the same way as with the clused tube, ‘The 
most common gas to be obtained In this way is sulphur dioxide, SOs, when 
sulphides are being oxidized. This gas is to be recognized by its irritating, 
pungent odor and its acid reaction upon moistened blue litmus paper. 

‘more important sublimates are as follows: 


Subetance 


‘Siincayantinonnte GO) Se 


Antimony trioxide (Sty). 


rato ike hen’ of the: lod orm, “th mph Glow) 
Bae eeepc {orang ertury muy ach, unisony exp 


4%, Hearne on Cnanvoan, ere. 


SLL. ‘The fragment (or powder) to be examined is placed near one end of 
the piece and this so held that the flame passes along its length. If the 
mineral decrepitates, it may be powdered, mixed with water, and then the 
material employed as a paste. 

The reducing flame is employed if it is desired to reduce a metal (6.4 
sivas, copper) from ita oes: this the common case, IE, however tbe mis 
eral is to be roasted, that fs, heated in contact with the air 4o us to oxidize and 
volatilize, for example, the sulphur, arsenic, antimony present, the oxidizing 
Hume is needed and the mineral should be in powder and spread out, 

‘The points to be noted are as follows: 

{a) The odor given off after short hesting, In this way the presence of 
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sulphur, arsenic (gutlic or allixceous odor), snd selenium (odar of decayed 
horae-ridish) may be recognised. 2 
(b) Fusion. — In the case of the sults of the alkalies the fused mase is 
absorbed into the charcoal; this is also true, after long heating, of the ear 
bonutes and sulpluntes of barium and strontium. (Art. B15.) 
(c) The Sublimate, — By this means the presence of many of the metals 
may be determined, ‘The color of the sublimate, both near the assy (N) 
‘at a distance (D), a8 also when hot and when cold, is to be noted. 
‘The important sublimates are the following: 


Substance Sublimate on Charcoal 
Amenie tron (AWO.).......... White, wry lati, distant from the samy; alsa 
ution. 


Antony oxides (80, and Sb 
‘ine ole fan) re a SPO 


‘Molybdenum trioxide (MoO)... 


Lenil oxide (POO)... 


Binmuth trioxide (BAOs)... 


a ) rs Pe 
‘Cailnjum oxide (C40)... News to reddiah brown (N) and orange-yellow 
ee i “Di; often itideswent, 

To thw above aru also to be added the following: 

Selenium daside, SO, sulionte meel-gmay (N) to white tied with red (D); tousbed 
‘ids HP oes an taure tue dames sg Stee eu oe 
wal dose, Ty mina dnt white (8) tomy’); ba RAP, vlalten 

"Din dioxide, nO, aublinsts fant ot to white cold; becomes bush jean 
when coktaned mitteoait sain and ait 

‘Silver (with Jesd and antimony), mblimate reddish, 


(a) The Infurible Residue, — "This may (1) glow brightly in the O.F,, indie 
cating the presence of calcium, strontium, magnesium, zirconium, zine, or tin. 
(2) It may give an alkaline reaction sfter ignition: ‘alkaline earths,’ (8) It 
may be magnetic, showing the presence of iron (or nickel), (4) Tt muy yield 
1 elobule oF macs of a metal (Art 613). 

512. Heating on Plaster of Paris Tablets.* — In some eases itis preferubla 
to collect sublimates on the surfuce of « plaster of Paris tablet rather than om 
hare! Suet tablets exn be aay mao by spreading thin layer f the 
wet plaster upon a glass plate, the surface of which his boen oiled. While 
‘the plaster is still moist it should be cut into rectangalar strips sri 

harder 


bout one and one-half by four inches, After the plaster has z 
these can be broken out into the desired tablets. ‘The material to be test 
is placed in & small depression made near one end of the tablet and then heated 
before tho blowpipe exactly es in te cage of chareonl. The fodide testa are 
especially marked on the plaster tablet. ‘These are obtilned when either 
jodie acid or « flux composed of a mixture of potassium iodide and sul- 


is added to the mineral powder before heating. The impertant 
Inateg aro listed below. ere nenting. The AE 


A smethod by which siiimates are formed on abeta teibed 
ely i Hale. Min 44, HORT. ae Hee tien cs 
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Substance ‘Sublimate on Plaster Tabtet 

Selenium axe (e0,)-..-- Rad to erinson, volu, giving reddah ume wd charo- 

alastam axe (GO) Dark vlatile, 

(Chailuta aide (C40), ° Greenish ‘with brown, both (N) and (D). Non 

Lead iodide (PBL). ‘Chrome-yellow. 

intl jodie Chocalsiebeown with underlying ret. Subjected to sm- 
lai nonin fumen mibtisnate become fet orageyeliow, thes 


re 
Melyblemim fotide (Mold) Deep ultramarine blue, 
proioeeraetsry tae Orage fa re" Dey whos abjected to ammoaia 


51. Reduction on Charcoal. — In many cases the reducing flame alone 
suffices on ehareol to geparate the metal from the volatile element preset, 
‘with the result of giving # globule or metallic mass. Thus silver is ol 

from argentite (Ag:S) and cerargyrite (AxCl); copper from chaloocite (CusS) 
‘tand euprite (Cu;0), ete. The process of reduction is always facilitated by the 
tse of sodium carbonate or borax asa flux, and this is in many eases (sulph- 


‘The ‘pulverized mineral is intimately mixed with two or three times 
ts volume of soda, and a drop of water added to form s paste. "This is placed 


the metal present. 

‘B14. Detection of Sulphur in Sulphates.— By means of sods on char- 
conl the presence of sulphur in the sulphates may be shown, in the following 
manner. Fuse the powdered mineral with soda and charcoal dust, ‘The 
Intter acting ae 2 strong reducing agent changes the sulphate to a slehie 
with the formation of sodium sulphide, When the fused mass is with, 
& drop of water upon a clean silver surface a black or yellow stain of silver 
sulphide will be formed. A similar reaction would of course be obtained from 
asulphide. ‘The latter ean however be readily distinguished by roasting in 
the open tube or upon charcoal and noting the formation of SOs. 


4. Taeanwent on nine Pratixum Wren 


BIB, Use of the Fluxes. —The three common fluxes are borax, salt of 
‘and earbonate of soda (p, 361). ‘Thay sre generally nad wis the 
platinum wire, less often on charcoal (see above), If the wire is employed it 
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‘must havea small round loop at the end; this is hoxted to redness and dipped 
{nto the powdered flux, wnd the adhering particles fused to 4 bead; this opera 
tion is repented until the loop ts filled. mes in the use of soda the wire 
may at first be moistened a little to cause it to adhere, 

‘When the bead is ready, it is, while hot, brought in eontaet with the pow= 
dered mineral, some of which will adhere to it, and then the heating process 
muy be continued, Very litle of the mineral js in general required, and the 
experiment should be commenced with a minute quantity and more added if 
necessary, The bead must be heated suseessively frst in the oxidizing flame 
(O.F) ana then in the reducing flame (RF.), and in each ease tho color noted 
‘hon hot and when cold, "The phenomens connected with fusion, if it takes 
place, rust also be observed. 


Miperals containing sulphur or armnic, or both, must be first roasted (see ‘till 
tae flstanee ue Br gle if otra o tne re aa a 

‘is henoe too opaque to show the color, it may, while be flattened out with the 
passers, 1 dent ato awry prt ray one nad the eae ted 
ih ten ofthe fa 

With salt of phosphorus, the wire should he held abave the Maint so that thé escaping 
‘tes may support the fou ths contin ti quit fan otto 

Tt 8 fo be hoted that tho colors vary mich with the atnout of tmaeval presents they 
‘are loo todifed iy the presente of ter mata 


816. Borax. — Tho following list enumerates the different colored beads 
obtained with borax, both in the oxidizing (0,¥.) and reducing flames (R.F.), 
and also the metals to the presence of whose axides the colors are due, Cont 
pire further the reactions given in the list af elements (Art. 618), 


Cole in Borns Bead Substance 
1. Ompmso Fuss 
‘oF opaque white... ile, eae eo alee, sine 

fe ee Peony fin sal so), 

Fed, red-brown to brown... Chr (4 llowish prom, colds 
Maser (nto, peti a,b) 
00 —gellon,culd) —f eaturated, 
Nickel (NOS ra-brown to trown, cold (oll hot), 
ranium (CO), hot vel cok 

Greets. econ ae ‘Comper (CuO), hot — (blue, cold, of bluish green if highly 


‘trate 
Chromium (CxO), yellowieh ree, eat — (red, hot). 

Wah ncessnoseeaneeene yh ti ye i a il) a 
Venniam [Oh hot Wn al stement; paler on 
Bae ed sraeaares mt tng 


m 

Bhi... «CME (COO); bot aud cok, 

a Gore Ca ctl Uy trae — gr, Bt) 
a. Nea oN recs ea 

" ‘Manganese (An0,), hot — (aunolhystineed, cold), 


© Reppeana Paw (RE) 
«Mattes (M00), 9 uot rs etn. 
Copper (CoO, wth Ca, ope rel 
Irn Fe) edge 
Stegelery {CO semester, 
Cae 00), bad aad sae ator 
‘Nickel (Ni), 
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617. Salt of Phosphorus. —‘This flux gives for the most part reactions 
similar to those obtained with borax. The only cases enumerated here are 
‘those which are distinct, and hence those where the flux is a good test. 
With silicates this flux forms a glass in which the bases of the silicate are 
dissolved, but the silica itself is left Insoluble. It appears as a skeleton readily 
seen floating about in the melted bead, 
“The colors of the beads, and the metals to whose oxides these are due, are: 


Color Substance 
Red Chromium in O.E., bot — (fine green wher cold). 
Green! 01.2 Chromium ia O-F-'and RLF., when vold — (red in O.F., hot), 


3, ot, pero cong — Gn TL, 
ae ip green, cold — Gin RLF, yellowish green, 
jae, eal) 
Vana O,F dark gallon, bot coal —(n RR, 
Arepenth pes bt; chrociegrecy ect 
Violet... ‘again (TO Se yall, he ‘lio in OLF,, yellow, hot; color 


Cuanacremaric Reactions or Tan Imrortanr Euewents axp oF Some 
or Tuer Conrounns 


518. ‘The following list contains the most charneteristio reactions, chiefly 
before the blowpipe and in some cases also in the wet way, of the different 
elements and their oxides. It ix desirable for every student to gain familiarity 
with them by trial with as many minerals as possible, Many of them have 
already heen briefly mentioned in the preceding pages, For w thoroughly fall 
description of these and other characteristic tests (blowpipe and otherwise) 
referee should be made tothe volume by Brush and Pentcld referred to on 
p. 361, 

Tt is to be remembered that while the reaction of « single substance may 
be perfectly distinct if alone, the presence of other substances may more or 
Jose entirely obscure these reactions; it is consequently obvious that in the 
netual exuttantion of mineral preeautions have (o be laken, and special 


methods have to be devised, to overeome the difficulty arising from this cause. 
‘These will be gathered from the “ pyrognostic characters” (Pyr.) given in 
onnection with f 


the description of each specias in Part V of this work. 


color when 
ocoulent 


: oatad on charcoal give dense White orton fumes 
metallic untinony and tis sulphur compounds give in the npex. tube m white aublimate af 


‘oxide of antimon; 365). Antimony ul (ntibnite), also many sulphantimontt 
rina la in th oa te vlna of atinny on lack whet 
ib ‘ven cold. Gives lodide text plaster, orange 0 Fe, 
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dit it acd, compounds cotaining antimony deposit white inmluhle metantinonic 


Armed, upharen 
usually easily reeognisd ‘ecilae gril oder. In the open uly they give a whi 
tie eet shine open oie In the ideo ae neat eaphis 


‘of barium j# proved by the heavy white precipitate (BaSO,) 
farmed upon the addition of dilute saly Ald ve: \ d 
‘Bismush On ge tater 


of 
azsium fide and wus, and fed charcoal, a Beautiful red sublimste ef barn 
edige is obtained; near be thineral the conting is ellow; on planter the ioe sabtimate 


f& ehocalate-brown with underlying ted. Changes to orange-yellow ard red on expoeure 
‘to ammvoals fame 


— Many compounds containing brow alao the silicates, datolite, dan~ 
hurt, ete) tings the flame intense yellowish frees, expecially fmoistened with mufphuric 
Sot For ocen llenten the Bt ssetho ta fo mx te pmred sera 


‘rth one part powered fluorite and two ita Th ate. te 
eine nd facades petitan wie. "Atte mocsert of feos ike ew opie eppee 
Bit sete bot a Lana 


‘Avdiiteiyreeorie sel ohition eootaining Boron gives x radish timym color to 
Pw wi iad wt 100" the cole changes 

(Gece — "Staged mines eigen aun et) ve a allie reaction 
on 


her bina ignited, A yellowish re color te given to the Hanve hy some 
‘Stuypoua (egy clele ete necting wk CU; the ezatin Hate mech epee 
ra, 


ees fg ealeite);"uany require to be pulverized, and pome mead tho sddliion of 
Bessie ie) Carina of end sho be tae ie rae te 
Chisdan Ira mal prikn of peal tatasing cline (x chard, lan 
mrp, ned fhe nd uf wal power ntal with cope a 
seu alciegnecaterentinees carrer ans gece 
fe mlionchlotine gives wit silver ntrste a white elt aver 
which darkenn in color in expomire tothe light; iim flue ho tise utd; ut entry 
ible ir smpenie 
Chi Chl re wih trae tr ih.) eo ed Ct a 
old) ond HEF foe emer pre 2 phones in OF 
Ue aad Byrn hot od cnr en CD iH. th me "OF os 
bey (alto pp. 88, 300). 


Gebel — beatin obtained with borax i both Han from minernla 
"Whe ould 
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Fiorin.— late inh clawed tbe with potas belshat an ace 
vom a whive sublimate of SiOx Thue sublime and the 
ean volatile sorabination, Sieceaeenrensay beoes tbe 


ition precipitate when potas 
ei eo eee ye ee Pa ea ae 
pare Wh oda on cared» saleable glue of metal ea i obtain from lead 
inde; the conting baw 4 yellow enlor nese tha sansy: the sul cole white 
tently (P00. fart (p30). On being outed with thee as} 
the far uzure-blue. On plaster, lead 


egectrncpe 
sista, sic Bing wi cb wh eo i 9 ie 
‘olor it obtained from some fufuate compound of toagnesiny 9. bracite) in solution 
the itn of anmonii hyp ape estes nd iti aydroges sodiumn plisaphate 
Frsimoua whirl prsigatecd NtESigrOy ements jected ty asoaian 
ge ag eae tl re (RE 
bores magne vss bel viletro ole . 
fGrert ul grec ea thi ory dione and yb 


of sont way ther a 
hes ‘cleaed. tube a sublimate of metallic mercury ia viehled when. the 


‘wodium carbonate. In the open tubs the sulfite gives n mirror 
"oul sabes beck Lateran ablsunte of ie re wh boy, 


tnd beyond a wutte coating of the oxides te former becoroesacurechive wien 
for a rnoment touched with orcs enating on planter is dep ultrannarine bus. 
Erie inate ever tei ho 

Gat aallext a paper auing few drop cl ase fn wt centated 
ie ee” TAP hanen olor ad sity Grope of water ao ation 
‘Niet — With borax, rein stg Once e 
bron gE eg sand tur from the ‘of metalic 
sisal so cht Eo a Re pe ta a in 
Seem in aehalemdtion of dibetiglonte dd (0 ea atone mln 


hate forme 
Rei tn (Caatat = An sei waltio bolle with metallic us ives = bye color 


ee 

‘they give off red fumon of ni gia NOH, 

oa peal 

tein uh eee 

eee epteecwe ye or rece and afterword poeienet with water, phosphureted 
A tow drope of # ni taken i rod tn. solo 

BI SR a ire te 
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elie wis tot and white on cooling: at icstaned Uy the cobalt solution tad hg 
Rested Na tetova that te ine lente (xin) tere Bl 


‘Deremanarive Mixenatocy 


519. Determinative Mineralogy may be properly considered under the 

Ea iaiy pon cheniel teas” Bat eoeatiorspic sad al Uae poe 

‘mostly upon tests. But ie sie 
characters have also to be carefully observed. 

‘There is but ono exhaustive way in which the Identity of an unknown 
mineral may in all cases be fixed beyond question, and that is by the use of a 
complete set of determinative tables. By mans of wich tables the mineral in 
hand is referred successively from a general group into x more apecial one, 
last all other species have been eliminated, and the identity of the one 
given is beyond doubt. 

‘A careful preliminary eoumination of the unknown mineral should, how- 
ever, always be made before final recourse is had to tho tables. This examina. 
tion will offen suffice to show what the minoral in hand ts and in any case 
itahould not, be omitted, since it is anly in this way that a practical familiarity. 
with the appearance and characters of minerals can be gained, 

‘The student will naturally take note fit of those characters which, are at 
‘once obvious to the senses, that is: crystalline form, if distinet; general struc 
ture, cleavage, fracture, luster, color (and streak), feel; also, if imen is 
‘not’too smull; the apparent’ weight will suggest something as to the specific 
gravity, The characters named aro of very unequal importance. Structure, 
erystals are not present, and fracture are generally uneseential except in 
distinguishing varieties; color and luster aro essential with metallic, but 
genorally very unimportant with nonmetallic minerals. Streak ie of impor 
tance only with colored minersis and those of metallic luster (p, 271). Cryn- 
talline form ‘and cleavage are of the highest importance, but may require 
careful study. 

"The first tril should be the determination of the hardness (for which end 
the poeket-knife is often sufficient in rienced hands). ‘The second trial 
should be the determination of the apeeific yrarity. ‘Treatment, of the pow- 
dered mineral with acids may come next; by this means (see pp. 359, ‘360), a 
‘carbonate is readily identified, and also other results obtained. Then should 
follow blowpipe trials, (0 ascertain the funibility; the color given to the flame, 
ifany; the charucter of thy sublimate given off in the tubes and on charcoal; 
the metal reduced on the latter; the reactions with the fluzes, and other points 
ag explained in the preceding pages. 

fow much the observer learns in the above way, in regard to the nature 
of his mineral, depends upon his knowledge of the charactors of minerals in 
general, and upon his familiarity with the chemical behavior of the various 
slemeniary substances with reagents nd before the blowpipe (pp, 389 t0 300). 
Af the results of such a preliminary examination are iciently definite to 
suggest that the mineral in band is one of a small number of species, reference 
may be made to their full description in Part V of this work for the final 


ete, 
to make frequent use of these no simply for aid in Uke 
identification of eaten ta rather because will help him in the 
difficult task of learning the prominent chamrters of the more important 


PARTIV. ORIGIN, MODE OF OCCURRENCE 
AND ASSOCIATION OF MINERALS’ 


520. General, —"The subject-matter of the first threo parts of this book 
‘hus been concerned chiefly with the individual mineral as it is found in nature, 
{ts physical and chemical chamoters have heen discussed, There are other 
important aspects of the subject that should, at least briefly, be indicated, 
‘Those are the history of the mineral, how it happened to be formed and under 
What cireumstances, what changes may have gecurred since it formation, 
What rv the characteristic conditions of its usual occurrence, with what other 
‘minerals it is commonly associated, etc, ‘These are sore of the questions that 
‘ire concerned with the subject of tho origin, mode of oecitrrence, and wesocin~ 
tion of minerals. Information of thig wort that has been noted about given 
auinral i billy auromarited under tho deverptins of the individual species 
in Part V, This whole subject belongs more properly to Geophywies and 
Geochemisiry, but brief and general statements of the more important facts 
‘are given below. 

|. Chief Modes of Mineral Origin. (1) From Fusion. —"The greater 
part of the minerals that form the orust of the earth have heen formed. by 
solidification from fused rock material, ‘That i, they’ are, of Were originally, 
constituents of ig mis rocks. 

(2) From Solution. — Many minerala have been formed by crystallization 
from a olution, ‘This is obviously true of the group of saline minerals, such 
as halite, eylvite, borax, eto, — [tix also true of those minerals that deeur lining 
or filing cracks and fissures in the rocks, 4, vein minerals, The conditions 
of their formation ary often different from ahy that can be duplicated in the 
uboratory, but the evidenen of origin from 1 solution is strong. 

(3) From a Vapor. — Minorals many be formed by a direct crystallization 
fiom n gas, Such minerals ary most eommenly found in connection with 
voleinie funeroles, ete, where the contents of the escaping, gises niny oon 
donse directly inte solid forms. Vapors also play an important part in the 
complicated processes that sre concernest in the formation of the so-called 
priumatolytic minerals 

Tt should be emphasized that the boundary lines between the three modes 
‘of formation listed above nre very indefinite. "The fused rock material may’ be 
‘considered as only’ form of very dense sulution xnd a vapor on the othe hand 
48 very attenuated vine 
The Formation of Minerals from Fusion. — An igneous rock haa its 
origin in a fused mass of rock coustituenta known as 8 magma. An igneous 
mugma, as stated above, may be considered wan heavy complex polution in 


* Much of thn material of this part aa bow taken with only minor additions wad changes 
‘rum the peetan on Oncarrene asl Asoc f Mirae Daa Mra of Mineralogy, 


ws 


of the will determine in large part the character of the minerals that 
‘compose the resulting rock. By the study of thousands of analyses of 
rocks it is shown that the following constitute about 99 per cent of the ele- 


tind potasium. "‘Noese lements occurin taryigg poportns oe 
Tee athe conatituent minerals f igneous rocks are composed essentially of 
fae ney Secale ome ae eral in the order of 
crystallize out from cooling magma in gen in or 
their: ie Although this order is a fairly definite one, the varistion of 
‘the chemical composition of the magma will vary the degree of solubilits of 
the various mineral constituents and so may vary the order of their iza- 
tion. The fluidity of the magma and the temperature at which various min- 
trate will eystalize re nluened greatly bythe common preenee ina mara 
of small amounts of substances ‘are known as mineralizers. These are 
usually water vapor, carbon dioxide, fluorine, boric acid, sulphur, end chlorine, 


‘as to permit the ready growth of 
= crystals of these minerals, 

When two substances (4 and 

B) are mixed together in various 

Proportions and then fused, the 

temperatures of | nliiention 

of the mixtures are in general 


war Tun, io, 


represents the particular mixture of A and & that has the lowest fucioe nein 
‘of any mixture. “Such a point is known as the euletic point, and these 
of A and & that corresponds to itis ealled the eulecic méztare This sanple 
case of two components illustrates the effect on the solidification temperutiore 
omen. the presen the ned ma fw cond comand 

form 


4, 
atiow two eutectic points, one between 1 and ACH anita ee at 
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A,B, and B. Such » condition is represented in Fig. 056, which gives the 
fusing curves for mixtures of 810, and ALOs, The point'C represents the 
mineral sillimanite, ALSiO,, and the points £, tho eutectic pointe on either 
side of it, If there are two or more possible different molecular combinations 
of A und B, the curves become increasingly complex, It ean be readily seen 
that if in addition the fused mass (i.e, the rock magma) contains, as is usually. 
the ease, several different chemical components, the problems involved in the 
ezyatallzation ofthe constituent minerals of the rocks re enormionaly dificule 
‘olution. 

‘Thore has been in recent years, however, # great amount of experimental 
investigation concerning the behavior of various systems of oxides under 
conditions of high temperature and pressure, In this way our knowledge of 
‘the physical and chemical processes involved in the crystallization of minerals 
from rock magi i being grealy extended. * 

523. The Formation of Minerals from Solution. (1) By the Kvaporation 
of Saline Waters. — Ocean waters and the waters of salt lakes contain various 
saltsin solution; when such waters beeome coucentnited through evaporation, 
certain minerals sre deposited. pte 
‘The saline content of sea-water 
is composed of the following con- bar aad 


oor 
yao 

stituents; NaCl about 78 or 4] 4 

cent; KCI, 2 per cent; MuUk, 

9 per cont; MgSO. 6 per cent; o 

CaSO, 4 per cent, such 

‘waters are evaporated, the above 

salts, or certain combinations, 

Bich ae carmalite, KCLMaCh 

GH,O, crystallize m the solu- 

tion in the order of their solu- yo = 


bility. In general, the normal 

order of crystallization ig as follows: carbonates of limo and magnesia, cal- 
cin sulphate, sodium chloride, magnesium chioride and sulphate, 

sium chloride, ete. ‘The factors of concentration, temperature, and. pro 
Portions of the vurious constituents in the solution control the charueter of 
the minerals formed, their relative amounts, the order of the deposition, ete, 
For instance, in the ease of NaCl and KCl, ‘the amount of each that ean be 
dissolved in given solution ia controlled ty the amount of the otber ‘alt. 
also present. Fig. 657 the distance Q-A represents the amount of NaC} 
that wan be dissolved in a given amount of water at a given temperature, and 
0-Bin the same way the amount of KCL ‘The line A~C-B gives the varying 
proportions of the two salts that together form a saturated solution, — The 
point C represents the maximum amount of the two salts that may be. dis- 
solved. ‘The line of saturation for mixtures of two salts in « solution will be 
further complicated If they may form one or more double salts, Such a case 


“The results of these investigations are to be found (a may papers In the various jour 
‘They hw animarizd i the olla books 


Behrond and Berg. Chamisehy Geologie, 1927. 
Ente, "Physikalische Chemio dee Silieute. 192%. 


Por nn explination of the physical chemical proremee see ny text-book oa 
sbomiy, cod copay, The Poe Hale aad Ha Applets, uy Fong, 108. 
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is illustrated in Fig. 658. The two salts are bischofite, MgCh.6H.O, und 
sylvite, KCL Together these may unite to form eqzoallte, MCh KCLSHLO, 
Point D represents the condition of saturation for both lite and sylvite; 
©, that for carnallite and bischofite. ‘The conditions tho crystal- 
nation of saline minerals from bodies of salt water have been extensively 
‘Mudied by van't Hoff and his students, both experimentally and in the fumoux 
salt beds of Prussia. 


(2) By Precipitation from Ground Waters. —The rocks of the earth’s 
enw have ‘openings within them. ‘These openings vary in alae from 


4 atnall ammount may have come from sea-waters; a still smalier amount hag 
been derived from the original water af rocks, given off in the form of 
vapor during the solidifiestion of the “The underground water dowiy 


during the 
eiroulates through the rocks by means of the o ‘Through a large 
and under these cireumstunees it becomes a strong solvent and uctive chemical 
agent, Underground water m general descends dowly through the smaller 


nings in the rocks, and then, gradually ite way into the bi 
‘penis, wil a lst enter some lager Secure sad aay Sill 


form of vapors 4 Isrge amount of mineral material which ultimately gots into 
‘irealation. When these minersidaden waters eoraene ne 


fara have been depoied from solution ie given by the following facts 
2 i siren eral ep ror or lot regula ars wile paalel 
6 
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but that there are openings Jeft wlang its central line. ‘These openings, termed 
tugs, are often linod with crystallized minerals. These conditions eannot be 
easily explained except on the assumption that the contents of » mineral vein 
have been deposited from solution. Tt must be remembered chat the forma- 
tion of « mineral vein may involve very long poe of time, a condition that 
precludes its duplication in any experimental ay 

Ground waters often reach tho surface in the form of springs. Under 
rather exceptional conditions such spring waters may be highly charged with 
tnineral materials which mnsy be deposited around the spring opening at the 
surface. ‘The most common substance deposited from spring waters is cal- 
cium carbonate, often called travertine, A siliceous material is nlao frequently 
‘spring deposit, the material called goyserite being an example, Tron oxides 
in tho form of ocher may also occur. Sodium salte, various sulphides, ate, 
are also found in such deposits, Usually such spring waters ure hot when they 
reach the surface, 

‘In arid countries solutions ascending through tho soil by capillary wetion 
will evaporate on reaching the surface and leave their suline contents behind 
in the farm of efflorescences o crusts on the surface of the ground, 
are usually sodium or ealeium salis. 

(3) The Formation of Minerals from Vapors. —'The direct formation of 
tnineraly from vapors is confined to Suck. voleanie regions where mineral gases 
are discharged fram fameroles, Such deposita are rare and tsully of small 
extent, Materials deposited in this way include sulphur, tellurium, arsenic 
sulphides, boric acid, various chlorides, ote. Vapors play a. much more iny~ 
portant, rle ia the formation af the so-called pneumatolytio minerals; see 
Art. 629. 

‘324. Occurrence and Association of Minerals. Genrval.— Clarke* has 
estinusted the peroentage composition of the earth's erust to be approximately 
as follows: SiO, 59.8; ALO, 14.9; FeOy, 2.7; FeO, 34; MgO, 3.7; CaO, 
48; NO, 3.2; KO, 3.0; HO, 2.0; TiO, 0.8; CO, 0.7; POs, 03; re 
mainder, 0.7. Over 90 per cent, in other words, of the constituents of min 
erala consists of twelve elements, and of the remaining 0.7 per cent no one 
‘eloment totals as much us 0,01 per cent. Further, the greater part of these 
prevailing elements are to be found in a short list of minerals. ‘There is, 
therefore, an enormous difference in frequency of ovourrence between minerals, 
only « few being properly termed “commen.” ‘The minoral beryl, for in- 
stance, is not considered an especially rare mineral, and yet Clarke does not 
include beryllium oxide in hia list of oxides thut form more than 0.01 per cent 
‘of the composition of the earth’s erust, ‘The most coumon minerals are 
‘quariz, various wluminum-bearing rilleates, such as the feldspars, and the r0- 
called ferromagnesium silicates, Even calcite, which us limestone occurs in 
such large masses, aetually forms s small proportion of the total, 

‘The association of minerals, or their lgteene is of great interest and 
significance, Further, the order in whieh the various minerals of a deposit 
have crystallized can'often be learned by noting that certain minerals are 
deposited upon other species and aro thereforo later in origin or that certain 
minerals have been exidosed by the erystals of other minerals subsequently 
formed. By such studies, anueh can be learned concerning the conditions 
under whieh the various minerals of 4 deposit were formed. 


* Data of Geochomistry, p. 5%, 1910, 


The f refly the more it modes 
of me cas 2 eee a ant mode 
625. Occurrence in Rocks — Although many minerals are found as rock 
constituents, those which can be common and characteristic rocke 


In addition to the more important snd common rock-nisking tainerals there 6 


funy then orthoelase, and lastly quartz 
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On the other hand, by woleani forces, the magmas, has been extruded 
upon the surface of the earth or intruded in the form of dikes into the rocks 
lying close to the surface, its subsequent cooling and solidifieation go on quite 
rapidly. Under these conditions the mineral particles have little chanee to 
grow to any size and the resulting rock is fine-grained in character, In some 
Saas, indeed, the cooing has been too rapid to allow the seperation of any 
minerals and’ the resulting rock is like # glass. Ordinarily the mineral eot- 
stituents of such a rock are to be definitely recognized only by a microscopic 
examination of a thin section of the rock. Such igneous rocks are known us 
voleanic rocks and have also been ealled aphanites, 

‘An igneous rock, because of the mode of its formation, consists of erystal- 
lie partielor which may be mid to interiock with each other. | Tn other wards, 
itis n solid mass, and each mineral particle is intimately and firmly embed 
in the surrounding particles. This structure will enable one ordinarily to 
distinguish an igneous from a sedimentary rock, the latter being ocmposedt of 
‘grains which do not interlock with each other but stand out, more or less, by 
themselves, A sedimentary rock is not so firm and coherent as an igne- 
‘ows rock. Further the texture of an igneous rock is the same in all directions 
and it forms a fairly uniform and homogeneous muss. ‘This characteristic 
‘vill enable one to distinguish an igneous from  metamorphie rock, sinoe the 
latter shows x more or less definite parallel arrangement of its minerals and 
banded stricture. 

Becauso of the almost infinite varistion possible in the chemical eompost- 
tion of their magmaa, and because of the various conditions under which they 
may form, ignoous rocks show likewise a wide variation in character, The 
‘more common and important types, however, are very briefly (leseribed below." 


‘Plutonic, Coarse-grained Rocks 


1. Granite, —A granite is a medium- to coarse-grained, light-colored 
rock having an even texture and consisting chiefly of quartz and a feldspar. 
Frequently both orthoclase and 1 plagioclase feldspar, and usually also small 
mounts of mica or hornblende are present. Granites in which phigioelase 
is abundant are called quart monconites, and those in which there is more 

Isgioelase than orthoclase are called’ granodiorites, These. distinctions, 
jowever, can tusually be made only after & microscopic examination. Granite 
is a common rock type. 

2. Syenite, — A syenite is a medium- to coarse-grained light-colored rock 
pritt.an even texture and much like e granite in appearance, It i t0 be ise 
tinguished from granite, howover, by tho fact that it contains little or no 
quartz. Its chief minerals are the feldspars, with moro or less hornblende, 
amiea or pyroxene. A variety, known as nephelite-syenite, is characterized by 
the presenen of coniiderable amounts of nephelite. Syenites are not very 
‘common, 

3. Diorite. — Diorite is a mesiium- to coarse-grained dark gray or groetish 
colored rock having an even texture aud consisting chielly of plagioclase 
feldapar and a ferromngnerian mineral, such ax biotite, hornblende, oF pytox- 
ene. Tho plagioclase equals or exceeds the dark minnrals in ammount. 


Per digi pata oe Sareea 
ted are Sree, erin ore esa, 
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times quartz is present, and if in notable amounts the rock is called quarts 
diorite, It is » rommon rock type. 

4. Gabbro. — Gabbro is» mediume to coarse-grained dark gray to greenish 
black rock with an even texture composed chiefly of a ferromagnesinn mineral 

i, hornblendo, elrysolite) and plagioclase, Tt is closely: similar to 

jarite, tho distinction lying in the faot that the amount of Lhe ferromagnesin 

minerals present is greater than that of the plagioclase. If the pyroxene 

present is the orthorliomble hypersthene the rock ix called x norite. Tt ks a 

common rock. A rock composed alinast wholly of 4 plagiveluse, frequently 

labradorite, usually with small amounts of pyroxene, is called an enorthowite, 
At is not common. 

5, Dolerte, — ‘This is # name often given to fine-grained varieties of diorite 
and gabbro, dinbase, eto., that cannot bo distinguished from each other 
‘megaeoopienlly, 

6. Pevidotie, — A puridotite ix « modiums to eourse-geained dare green 
to black rock with an even texture which consists wholly of ferromagnesian 
tminorals. ‘Those ary ehiotly olivine, pyroxene nnd hornblende, Aw ove or the 
other of these minerals predominates, various variety names are used, such 
‘a8 dunite for xn olivine rock aud pyrozenite and hornblendite for rospwctively 
pyToxene and bornblende rocks | Coman actesory minerals fond in thoee 
rocks nre iimenite, chromite and garnet, ‘The peridotites are not very con 
mon in their oocurrence, 


Volcanic, Pine-grained Igneous Rocks 


Boeauiso of thelr very fine-grained steucture voleanie rocks cannot In gene 
geal bo roy old apart. A number of diferent types are recone) the 
distinction between them belo based, however, chiclly upon microscopic 
study. In the field only an approxinnte elnino, depending upon 
the rock is light or dark in color, can be made, A brief dosoription 
of these two types of voloani rocks fallow, 
© 4. Felsite. — This isa dense fino-grained tock typo with a stony texture 
‘and includes all colors except dark gray, dark green or black,» These rocks 
may, by the aid of « lens, still show a vory fine-grained structure or their 
ulséral ponst{tuenta inay cdau In’ ough mall particle as to fave Lean m Genes 
and homogeneous, often a finty, appearance, By mioroscopie study the 
felaites have been divided into the following, ‘rou: rhyolite, consating ‘chielly 
of alkaline feldspars and quartz; dacile, lime-voda feldgpare and quartz: 
teach, alkaline fokspare with Wile or no quart: andesite, sodali fld- 
spare with tthe or no quurta; phonalte, ulkaling feldspars and nuphelite. 
‘As 1 rule thene vuricti¢s aro not to be distinguished (rom each ather in the 
field. ‘The felsites are widespread in their occurrence, being found as dikes 
and aheets intruded into the upper part of the eurth's crust oF as lava flows 
which have been poured out upon the earth’s surface. 

2 Basalt, —Tho basalts nre dense fino-grained rocks that are of very 
dark cor, gen or nek. Theyre compose of mieracae gains of & 
soda-lime feldapar with pyroxene, fron ore, often more or less olivine und at 
times biotite or hornblende, ‘These rocks are formed under the same eon 
dltions tho felaitos anu are to be found aecirring ih the same wuya, ‘Trap 
4s» Geld namo given to any dark-colured fine-grained rock, the mineral con 


ORIGIN, OCCURRENCE, AND ASSOCIATION OF MEVERALS — 383. 


stituents of which cannot be determined hy inspection. It, would include 
salts, dolerites, eto, 

3, Glas Rocks. —Some of tho woleanio rocks have cooled. go, rapidly 
that they are wholly or in part made up of a ghussy material in whieh the differ- 
ent clements have not had the necesury opportunity to group themselves 
into definite tinerals, If the entire rock is composed of lass it is called 
obsidian, when it has a bright. and vitreous luster; pilehstone when its luster is 
all pty ce A i ep of sll pr, al pu i 
husudistinetly cellular structure. These rocks may also have distinct crystals 
of various minerals embedded in the glass, in which case they are known as 
lass porphiyries (we below for 4 definition of a porphyry) ot witrophyres, 

Porphyries, — Igneous rocks at times show distinct o of certain 
minerals which lie embedded in  mtich finer-grines! material, ‘These larger 
‘crystals ure ktiown as phenocryals, and the fine-grained material as the ground 
mae ofthe rock.» TReks exibiting euch structure ar known as porphyri, 
‘The phenocrysts may vary in size from crystals an inch or more across 
(o quite emall individuals. Tho groundmnas may also be amped of falely 
coatwegrainod material or its grains may be microscopic in alee, Tt ix the 
Ulistinet difference in sixo existing betwoon the phenoerysts and the particles 
fof the groundinass that is the distinguishing feature of a parphyry. This 
peculiar stricture Is due to certain conditions provailing curing the formation 
DF the rock which permitted sore crystals {0 grow Yo considerable size before 
the muin mass of the rock consolidated into a finer- nnd uniformn-grained ma 
terial. ‘The explanation of the reasons why « certain rock should assume w 
porphyritic structure would Involve a more dotailod dincuision than it is 
Expeiltent to give {n this place, Auy ane of the above described types of 
igneous rocks tay have a porphyritie variety, such ne granite-porphyry, diorite- 
prokin, ealeporphry te. Porpyrii vanity ‘more tinble to occur 

‘onnestion with voleani¢ rocks, and they are nlso found most frequently in 
Me ene fe more asi A Re 

fagmatic Segregations. — During the process of ol ication, an 
igneous rock certain heavy minerals will be the first to crystallize, In esos 
‘here their conatituenta Form eouserable pereentake of the composition of 
the magma these nuinorals may gradually sink in the fluid material and slowly 
fathar into Innge irregular masses, known aa magmatic segregations. Bodies 
Sf magnetite, ienite, ebrornite, and cassiterite are frequently formed in 
this way. More mrely, the sulphides, pyrrhotite, chaleapyrite, areenopyrite, 
the, eur in such segregations, Important ore bodies have been formed in 

way. 

‘O27. Sedimentary Rocks. —Sedimentary rocks are secondary in their 
origin, the materials of which they ure composed having been derived from 
the decay and disintegration of some proviously existing rock mass. ‘They 
have bom formed by & deposition of sediments in a body of water. ‘They 
may be divided into two clases, depending upon whether their origin has been 
mechanical or chemical in its ature. In the age of the sedimentary rooks 
of a mechanical origin, their constituent particles have been derived fram the 
disintegration of some rock mass, and have heen transported by streams into 
is large body of quiet water, whore they have been deposited in practically 
horizontal layers. Sedimentary rocks of chemical origin have had the ma- 
terials of which they are composed issatved by waters circulating through the 
tee ought tdtauntely by thes Waters io & bea, where furugh some 


from each other by dliferences in thickness, size of grain and often in color. 
urther, that sedimentary’ rocks in| ‘are composed of 
an te of individual mineral particles, each of which stands out i 


1. Sandstone. — Sandstones are mechanical in their origin, being formed 
by the consolidation into rock muses of beds of sand and gravel. Usually 


pened Som waier-worn gravels are Knowl at s x oe a 
similar ‘which the individual grains are: ‘and sharp edged. 
‘cement which serves to bind the sand grains may be deposited silica, 


a carbonate, usually calcite, an iron oxide, hematite or limonite, or fine 
ruined argillaceous or claylike material, ‘The color of the rock will 


usually of « gray color, which in addition to quartz and feldspar contains 
ticles of other rocks and minerals. bs ina 


wally 2 thinly laminated structure. ‘Their color is commonly some tone 
Eray, 
are composed chiefly of kaolin, mica, ete., but are too fine-grained to permit 
the recognition of their mineral constituesite by the eve alone, By the intro- 
ey grade into the sand- 


stones. 

3. Limestone. —'The Timestones are carbonate rocks usually 
chielly of calcite dolomite may also be at times an important. con 
stituent. ‘The carbonate we great majority of eases been extracted 
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stones are quite pure calcite, while others contain claylike materials and vari- 
Sue oxido a opus The 


composed of a carbonate mixed with elay in variable amount. 
4. Other Sedimentary Formations. — Embedded in the sedimentary rocks 


ture and presure aided by the action of water and other chemical agents, 
‘The changes involve the formstion of new minerals, the adding or eubtracting 


these rocks become involved in movements of the earth’s crust, they 
subjected to extreme pressures ied usually by 


‘many 
constituents of the original rock may still exist in it after its metamorphism, 
there are certain other minerals that are characteristically developed during 
the process, Some of these minerals peculiar to metamorphic rocks are 
tremolite, wollastonite, kyanite, zoisite, staurolite, tale, paragonite, 
Insite. he phyaeal structure of the tock wil also ordinarily be 

the ich the rock is subjected 
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‘There are, of course, all gradations from x typical anetamorphie rock into an 
unaltered ‘sedimentary rock on the one hand and into an unaltered igneous 
rock on the other. "The most common types of metamorphie rocks are briefly 

fig ey iss ie wrse-erained, roughly foliated, metamorphic 

= Geiss. — A gneiss ia w cont flinted, mi fe 
rock. When the word gnelas ts used alone it ustally refers to a fuck toms 
posed essentially of quarts, feldspar and a mien. The quartz and feldspar 
‘ovour fogether in layers which are separated from each other by thin drawn 
out bands of mica, A gneiss ns usually 1 light color, although this is not 
noceesirily $0, Variowr varieties of have received distinotive names, 
most of which are celf-explanatory, like unuled-gneiss, lenticular-pnete, Biot 
lile-eiss, hornblende, grantees dione gnc, sta ie is a 
very common rock type, especitilly in regions in which the oldest rocks, those 
of the Archean age, are found. Gocises have been mare commonly derived 
by the metamorphism of igneous rocks, mostly: granites, but may have been 
formed from sedimentary rocks 1s well, 

2. Mica-shint. — Mica-schist is a rock composed essentially of quartz 
and a mica, usually either muscovite or biotite. ‘The mica is the prominent 
Toineral, occurring in irregulur lenves snd in foliated masses, ‘The mica plates 
all fie with their cleavage planis parallel to each other and give to the rock « 
striking laminated or “*sehistose ” structure. ‘They are related to both the 

ntinses anid quurtaites and intermediate rock types pocur. ‘The mica-schists 
frequently earry characteristic accessory minerals, auch us garnet, stauralite, 
kyanite, epidote, hornblende, ete. ‘They may have been derived from either 
fan igneous or» bevimentary’ mek. Next to the gnoisees, they are the most 
common metamorphic rocks, 

3. Quartzite, — As its name indicates, a quartuite is a rock composed. 
eseentially of quarts. It isa firm, compaot rock which breaks with an uneven, 
splintery or conchoidal fracture. "It is usually light in color, Quarteite has 
bbeen derived from a sandstone by intense metamorphian, Ttis« eornnon and 
widely distributed rack 

4. Slate. — Slates are exceedingly fine-grained rocks which have a remark- 
able cleavage which permits thom (o be split into thin and broad sheets. 
‘Their colar is commonly: gray to black, bat may be green, yellow, brown, ree, 
tie. They have beon formed commonly by the metamorphism of ales, 
‘Their charaoteristic slaty cleavage may or may not be paralltl to the bedding. 
planes of the original shales. They are quite common in occurrence. 

5, Various Schiste — There are various other kinds of echistose rocks, 
which are chiefly derived by the metamorphism of the ferromagnesiin igneots 
rocks. The most important types are tale-schist, chlorite-schiat, amphibolite 
for harnblendeachist, They each arw characterized, x their names tevticate, 
by the preponderance of some motamorphic ferromagnesian tine 

6. Marble. — A marble is n mctamorphosed limestone. It ls crystalline 
rock composed of grains of caleite, of tore rinely dolomite. At times the 
individ ing are #0 small that ‘they eaniot bo distinguished by the eve, 
and again they maybe quite coarse and show clearly the shumaeterstie shesee 
‘ge of the mineral, Like limestone, » marble is chirabterised by its softness 
au tg llervesoenoe with neds,“ Wheu pure, marble chit in colo, but 
nay show a wide mnge af color, due to various impurities that it contains. 
pekarock which is found in many localities and st times in thick and extensive 
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629. Contact Metamorphic Minerals. — When un ignooux rock magma is 
intruded into the earth's crust, it causes through the attendant heat and 
pressure a greater or less alteration in the surrounding rock. This alteration, 
or metamorphism, of the rocks lying next to an igneous intrusion usually 
consists partly in the development, of new and characteristic seitneral species. 
‘To a less degres certain characteristic modifications of the igneous rock may 
occur near the contact. ‘These are chiefly due to the effects of gases that are 
xgiven olf by the igneous mck during its cooling nnd result in the formation 
‘of various tolytic mineral (se below) in the igneous rock itself. 
‘The minerals that are formed under ites coche ee Eaten CH 
metamarphic mir , since they are ay & met 
{ind are to be found at or wear the contact line hetween the rocks: Any rock 
into which an igneous mass is intruded will be affected ina greater or less 
degree, the amount and character of the change depending chiefly upon the 
size of the intruded muss and upon the chetnical und physical character of the 
surrounding rock. ‘The most atriking and important contact metamorphic 
chunges take place when the jgneous rock is intruded into impure limestones. 
‘When « pure limestone is affected, it is recrystallized and converted into 
marble, but without any development of new speews, But, ou the other hand, 
‘in the case of an impure limestone the heat and prossure caused by the igneous 
intrusion will serve to develop new and characteristic minerals in the rock. 
An impure limestone will ordinarily contain, besides the culeium carbonate 
of the rock, varying amounts of quarta, clay, iron oxide, ete. Under the in- 
fuence of the heat and pressure these materials will combine with the ealelurn 
earbonate to form now minerals, For instatee, the calcite und quarts may 
pris ira wo Soren setae mite, erie If the limestone contains 
dolor reaction of mineral with quarts may produce pyroxene, 
(CaMg)SiO,. Tf clay is present, uluuinum will enter into the resetion and 
such minerals aj spinel, MeALO%, and grossulurite, CaALSiOr, may result, 
materials afe present, the eflect of the metamorphism 
nay convert ‘them into graphite. common contact metamorphic min- 
found in limestone ary aa follows: graphile, epinel, corundum, wollas- 
tonite, tremolite, pyroxene aud the lime garnets, grossularite and anudrndite. 
AS mmetione i Ast 88, a0 lgpeonsrek fn eoliog ft iv of laws 
amounts ol yapars, consist. largely af water vapor, 
‘often include boron anv fuorine gases. ‘Under the fnfence of those “apors, 
other ininerals are often formed in the contact zone ofax limestone, 
particular minerals are commonly spoken of us prietinulolytic minerals, since 
thay are formed, partly atleast, through the agency of mineral gases. “They 
consist chiefly of calcium nnd nluainum silicates which contain hydroxy}, 
fluorine or boron. ‘The most eommon of the pueumatolytic contnet minerals 
se chong, surat, expo, phlggopie tourmaline tas and fuori 
630, Pegmatite Dikes or Veins. — In connection with the deep-seated, 
conrsgrained. igneous, rocks, esptcnly the granites, we frequently, find 
mineral deposits which are known as pegmatite dikes or yaina. ‘These 
bodies have the general shape and character of an izneous dike or a broxd 
tineral vein although in certain respects they differ markedly from either af 
these. They are to be found running through the main mass of the igneous 
rock or filling fissures in tho other surrounding rocks. They aro composed 
chiefly of the aums minerals aa oceur in the igneous rock, but usually in very 
coarse erystallisations A granite pegmatite is therefore made up. prine 


If any carl 
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fiestion of plutonic imeous tock. "As an igncous magma cools and slowly 
solidifies, it shrinks somewhat in volume and various cracks and sures open 
up throughout the mass, ‘The pressure due to the weight of the rock forces 
any still fluid material from the interior of the mass up through these cracks 
and also into any fissures that may exist in the surrounding rocks, ‘The 
filling up of these fissures both in the igneous rock itself and in the neighbori 
rocks constitutes a pegmatite vein, Asa magma cools and ite minerals 

lag ange amounts of water vapor. are frequently set free eo that the rsiduo 
Of the stil fused rock material su cantain mi h higher perentages of water 
than the original magma. Consequontly it becomes in Its character 
behavior mort like » solution than fused mass. ‘This would account for the 


“The minerals found in pegmatite veins may be divided into three ganeral 
divisions. First come those minerals which form the main mass of the dé 
posit and which, as stated above, are the sumo as the prominent minerals of 
the igneous rock with which the pegmatite dike is associated. ‘Thesp are 
commonly quartz, a feldspar which is wsually either orthoclase or microckine, 
thut may Be lle anv mea which may be either wacante or bitte, Gare 
is also at times in » smaller way @ charsoteristic constituent, Second comes 
‘0 series of rare ininerals which are, however, quite commonly observed in 
natite deposits, and which are characterized by the presence in them of 
luarine, boron or hydroxyl. Their presence in the veins indicates alus that 
gases under high pressures have been instrumental in their formation. The 
minerals of this type Include beryl, tourmaline, topaz, apatile and. fluorite. 
A thin lass of mineral found in pegmatite vein includes species containing 
rire clermenta such as lithium, molybdenum, tix, niobium and tantalum, the 
rare earths, ete. ‘These are minerals which are rarer still in their occurrence, 
‘but when they do ocour are usually to be found in pegmative deposite. ‘Phe 
‘moxt important members of this group are molyblenite, lepidelite, spodumene, 
triphylite, columbite, enzsiterite unel monazite 
Becatise of the frequent oecurronce in tite veing of the rare minerals 
‘mentioned above, same of which are often found finely eolored und well crystal 
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exposed, 
‘ite veins in the United States include the New ‘states, the 
Hills in South Dakota and Southern California, 

631. Veins and Vein Minerais.— A discussion hus already been given, 
see Art. 628, of the origin of mineral veins. As most of the important mine 
eral deposits, especially those that furnish the valuable metals, are found i 

"ha shape al geameal pase tance oF 4 cS denen npen he type 
‘pe general physical cl ter of & vein upon the: 
1 which ite minerals have been deposited, and the type of fare tn 
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A typical vein consists of a mineral deposit which has filed fissure solidly 
from wall 


found in the soluble rocks like limestones. ‘Therv is every gradation possible 
from_a troe vein with sharply defined walls to a replacement deposit with 


The mineral contents of @ vein depend chiefly upon the chetuical composi 
tion of the waters from which its minerals have crystallized. ‘There are many 
different sorts of veins, and many different mineral aasoclations are observed 
inthe, ‘There are, however, certain minerals and associations that are more 
frequent in their occurrence fo which attention should be drawn. ‘The sul- 
phides form perhaps the most characteristic chemical group of minerals to be 

found in votas. The following minerals are vory common, vein, mineral, 
pyrite, FeSy, ch ite, CuFeSs, galena, PbS, Zu, chaleocile, 
Cu,S,'bornite, CusFeS,, mareasite, FS, arsenopiyrite, FeAss, astilmite, SbSo, 
tetraheitrite, CusSbS), etc. In addition to these, which in large part comprise 
our ore minerals, certain nonmotallie minerals are also commonly to be ob- 
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served. These being of no particular commercial value are called gangue 

from gang, a vein). ‘They include the following: tine 

SiO,, ealeste, CuCO,, dotomit CaMe(COsy siderite, FeCO,, barite, Ms 
inCOs, 


as ore minerals, and adulnria, quartz, ealeite, opal, fhiorite, zeolites 
rarely) ns minerals, The deposits of intermediate tempers 
500° C.) sow gold, nalena, sphalerie, pyrite, chaloopyrite, Foruite, aoeoo- 
Pyrite, tetrahedrte, enargte among the ove timer; whens the ‘incipn 
fenqul minerala are quarts, calcite, dolomite siderite and barite. ‘The high 
temperature deposits (300 ° ©.) eontain gold, gold tellurides, molyb- 
denite, eassiterite, wolframite, magnetite, Imenite, various micas, garnet 
topaz, apatite, etc, 

‘While comparatively few positive statements concerning the associations 
‘of yein minerils can be made, the following points are of interest. 

1. Gold-bearing Quartz Veins. — Native gold ix most commonly found in 

‘veins. It may oocur alone in the quarts either in nests or in finely 
ieminatel partite, or Henny occur tn connection with certain sulphides 
in the veins. ‘The most common sulphides found in such countetions sre 
pyrite, chalcopyrite and arsenopyrite, 

2. 'Gold- and Silser-bearing Copper Veins, —"The gold and silver content 
of dene veins i associated with the various copper mulphides,| Frequently 
the amount of the precious metals is quite small. ‘The chief minerals are 
chalcopyrite, tetrahedrite, bornite, ehileocite, pyrite nnd various rarer silver 
minerals, 


3. Silver-bearing Lead Veins. — Silver and lead minerals are very com- 
monly nssocinted with euch other, ‘These veins contain such minerals as 
gilena, argentite, tetrahedrite, sphalerite, pyrite, euleite, dolomite, thodo- 
chrosite, eto, 

4. Lead-rine Veins, —Lead and sine minerals often occur together 
particularly in deposits that Iie In limestones, The chief minerals of such 
deposits are galema, sphslerite, mareasito, chuleopyrite, smithsouite, ealamine, 
‘ccrussite, ealeite, dolomite, 

5. Copper-iron Veins. — Copper and iron siphides are quite eammonly- 
ssocinted with each other, the prominent minerals of auch veins being pyrite, 
chaleopyrite, chaleocite, bornite, tetrahedrite, enargite, ete. 

33. ‘and Secondary Vein Minerals. Secondary Enrichment. — 
Inmany mineral veins, it is obvious that certain minerals belong to the original 
yein deposit while cortuin others have been formed subsequently. These 
two classes of minerals ure known respectively as Primary and Secondary 
Minerals. ‘The primary vein minerals are those which were originally de. 
Posited by the ascending waters in the vein fissure. ‘The primary metalllo 
vein minerals are comparatively fow in number, the more important 

ite, chaloopyrite, galena and sphalerite. ‘The secondary vein mine 
Tove been formed trom the prisary minerals by eome subsequent chemical 


* Mineral Deponita, 1908. 


ORIGIN, OCCURRENCE, AND ASSOCIATION OF MENERALS — 391 


reaction. ‘This is ordinarily brought about the influence of 
oxidizing waters which, coming from the surface of the earth, descend through 
the upper portion ofthe ven, | Under thee conditions, various ney ‘minerals 
are formed, many of them being oxidized compounds. As the descending 
waters lose their oxygen content within a comparatively short distance of the 
tarth’s surface, the secondary minerals are only to be found in the upper part 
ofa-vein. ‘Together with the formation of these secondary minerals, thero is 
Frequently « downward migration of the valuable metals in the vein. This 
is Brought about by the solution of the minerals in the uppermost portion 
of the vein and n subsequent, reprecipitation a little farther down. As the 
Surface of the earth is gradually lowered by erosion, the upper part of a vein 
is continually being worn away. But the metallic content of the uppermost 
part of the vein is always being carried downward by the descending oxidiz- 
Ing waters. — In this way, the metallic content of the upper purt of many vein 
has been notably enriched sinee there ie concentrated in this short spuce most 
of the original contents of hundreds, perhaps thousands, of feet of the vein 
Which have been slowly worn away’ by the general erosion of the country. 
Goewestisaly, the zane of the secondary vein minerals is also frequently © 
zone of secondary enrichment, This is an important fuct to be borne in mind 
Since, because of it, the upper two or three hundred feet of a vein are ordinarily 
{the Hehest portion of a deposit. The ore below that depth gradually reverts 
to its original unaltered and unenriched character and may frequently: prove 
too low in value to warrant its being mined. . ‘The prevalent idea that the ore 
of a vein must increase in value with increasing depth is not true in the great 
majority of eases. 

‘Tt will be of interest to consider the more important primary vein minerals 
nd the secondary minerals that are commonly formed frotn ‘them. 

L. Iron Minerals. — The common primary vein iron mineral is pyrite, 
FeS. Marcasite, Fe&, while tot so common in occurrence is also 8 pri 
mineral, When oxidized, these minerale yield ordinarily the hydrated oxide 
Iimanite, Fe,0,{OH}k. The upper portion of a vein that. was ly rick 
in pyrite will often show a cellulur and rusty mass of limonite. ‘This limonite 
deposit near the surface is commonly termed gosan, The yellow rusty 
linracter of the outerop of many veins enables one frequently t0 locate them 
fand to trace them across the coitntry, 

2. Coy Minerals, — ‘The one common primary copper mineral is chal- 
copyrite, CuFoS.. At times, some of the other sulphides may be primary 
in their origin, but this is not generally the eaxe, ‘The secondary formation 
of bornite and chaloscite may be explained as follows. ‘The copper sulphide 
existing in the original chalcopyrite (s oxidized by the descending waters nt 
the surface to copper sulphate whichis then dissolved and exrried farther down 
the vein, Here it comes in contact with unaltered chalcopyrite and a reaction 
takes place which enriches the suiphide, changing it to bornite, CuseS. 
Lister, more copper sillphate in solution comes in contact: with the bornite and 
4 further enrichment takes place with the formation of chalooeite, Cus. 
Tn ench case, there is an interchange of metals, the iron in the original sul 
phide going into solution as a sulphate thus taking the place of the copper 
‘which has Been precipitated. If the eopper epee in metons ork, we 
cotumonly find the various carbonates and oxides of copper also formed in the 
‘upper parts of the deposit, ‘The secondary copper minerals therefore include 
chaleocite, Cur8, bornite, CurFeS., native copper, Cu, euprile, (CwyO, malachite, 


392 OMIGIN, OCCURNENCE, AND ASSOCIATION OP SUEXERALS 
(Cu.OH);CO,, azurife, Cu(Cu.OH)x(C0,)s, ehryeocolla, CuSi0,.2H,0, chalean= 
thile, CuSO. 311.0. Say Pee : 
3, [Lead Minerale — The one primary lead mineral ia glen, PUS. The 
secondary minerals of Josd are all oxidized compounds and tnclude the follow 
Inge cerussite, POCO, anglesite, PbSOs, ryromorphite, Pb(PbCI)(PO)s, 
unilfenste, PMO, 
4, Zine Minerals. —Sphalerite, Zo, ls the only common primary sine 
ung “The hi secundary unease sith, ZO ad eating 
gy ee ee sulphide minorals of silver are 
gma i ori. Te follow, mineral rw cally secondary, a 
ough ative silver nt times appears prituity: nalive eller, Ag, cerarghrite, 
cembolite, Ag(CI,Br), ete. 


PART V. DESCRIPTIVE MINERALOGY 


588. Scope of ‘Mineralogy. — It is the province of Deserip- 
tive Mineralogy to describe each mineral species, ae regards: (1) form and 
structure; (2) physical characters; (3) chemical composition including 
blowpipe and chemical testa; (4) occurrence in nature with reference to geo 

ical distribution and tion with other species; also in connection 
‘with the above to show how it may be distinguished from other species. Fur 
ther, it should chuasify mineral epecien into more oF less comprehensive groups 
according to those characters regarded x# most essential. Other pointe which 
may oF shay not be included are the investigation of the methods of origin of 
Iainerals; the changes that they undergo in nature and the results of such 
‘ilteration; also the methods by which the same compounds may be made in 
the laboratory; finally, the uses of minerals as ores, for ornament and in the 
arta, 


634, Scheme of Classification. —The method of classification adopted 
in this work, und the ane which ean alone claim to be thoroughly scientifio, i 
that which places similar chemical compounds together in a common class and 
which further arranges the mineral species into groups according to the more 
minute relations existing between them in chertical composition, crystalline 


‘analogous chemical composition and similar orystallization (seo Art. 483). It 
is unnecessary to take th of 


“Tn regard to the various classes of nalts it may be stated that, in general, 
38 
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are ted into anhydrous, acid, basie and hydrous sections; the 
Sousa nubeioticon caled toy Mates wary te a token cases 


For an explanation of the abbreviations used in the deseription of species soe p. 5: 


SCHEME OF CLASSIFICATION 
I. NATIVE ELEMENTS. 
Il, SULPHIDES, SELENIDES, TELLURIDES, ARSENIDES, ANTIMONIDES. 
IIL. Sulpho-salts.— SULPHARSERITES, SULPHANTIMONITES, SULPHO- 
RISMUTHITES. 


IV, Haloids. — CHLORIDES, BROMIDES, IODIDES; FLUORIDES. 
V. OxIDEs. 
VL. Osygen Salts. 
1. CARBONATES. 
2. SILICATES, TITANATES. 
8. NIOBATES, TANTALATES. 
4. PHOSPHATES, ARSENATES, VANADATES; ANTIMONATES; 
‘NITRATES. 
5. BoRATES, URANATES. 
6. SULPHATES, CHROMATES, TELLURATES, 
7. TUNGSTATES, MOLYBDATES, 
VIL. Salts of Organic Acids: OXALATES, MELLATES, ETC. 
VII HYDROCARBON COMPOUNDS. 


I. NATIVE ELEMENTS 


‘The ative uesearrs are divided into the two distinct sections of the 
‘Metals and the Non-metals, and these are connected by the transition class of 
the Semi-metals. The distinetion between them as regards physical characters 
‘snd chernical relutions tas already been given (Art. 465). 

‘The only non-metals present among minerals are carbon, sulphur, and 
selenium; the last, in one of its allotropic forms, i closely related to the 

"The ‘andl metals fe distin themseh all 

ie nintive tem form a distinet since 

crystallize in the rhombohedral class of the aed one wih: funda 


Tellurium, r= 93° 3"; Arsenic, rr’ = 94° 54’. 
Antimony, re” = 92°53". Bismuth, re” = 92° 20', 


An artificial form of selenium is known with metallic luster and rhombo- 
‘bedral erystalliantion, with rr’ = 98°. Zine (aleo only artif} la thombobe- 
dral (r= 93° 46") and connects the semi-metals to the truemetals. Metallic 
‘atta has been deseribed in eubic eryatala 
Among the metale isometric Gov Grovr is prominent, including 
silver, copper, poereary, amalgam (AgHig), nd lead, ne 
‘Another related isometric group includes the metals platinum, iridium, 
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ium, and iron, An allotropio form of palladium and also iridosmine 
(IOs) are both rhombohedral, 


‘DIAMOND. 


Isometric. The development of certain crystals as well ay etching tests 
have suggested tetrahedral symmetry, but Xray study (ef, p. 40) shown that 
the atomic structure conforms to formal symmetry, Commonly showing 
octahedral, hexoctahedral, and other forms; faces frequecily rounded or 
striated and with triangular depressions (on o(111)). Twins common with 
‘tw. pl. o(111) and often flattened parallel to o. Crystals often distorted. 
in oe forms; massive. 


6 O& 


.vage: o(111) highly perfect. Fracture conchoidal, Brittle, H.~10, 
G= SSH fon cpl Luster adsmantine to gressy. Color white or 
colorless; various pale shades of yellow, red, orange, green, blue, 
brown; rarely deeply colored; sometimes black. Usually transparent; also 
translucent, opaque. Refractive and dispersive power high; indexn = 24195, 
(See Art. 334) Usually isotropic but somotimes shows abnormal birefrin- 
ice. Shows at times brilliant phosphorescence when rubbed or exposed (0 
electric discharge in a vacuum tube; to ultra-violet light, ete. 
Het de Opsoary, 38 grav muah rounded fom and varying row the 


‘whith are colerlaw nnd free from flaws (fot waler) through many faint shades of color, 
‘Fellow being the most common; often full of Haws nad heaco of vafue anly for cutting par 
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—Pure carbon; the variety carbonado yields on combustion x 


aight 
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adamantine luster; the fc mclaren “ ty are aloo distinctive charne- 
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conglomerates, and further in conection with the lamiusted granulnt quarts" rock 

Squirts bydiomin sit docu, which a thin sat moe ofa Mle This 

rock cecury nt the mines of ‘and the Ural Mta.; and alao in Georgia nnd Noeth Care 
her fw diamonds have bas found. 


sue formation in Pik County, Arkansas, Ie has bees noted aa grist particle footing 
nth fella Novo-tre, Rona, Sept $5830" lc 
(i. ~ 9) in the meteorite of Carte, Chie; In the meteoric iron a 


ee Eee eget Pee A Ris ig bred 
See it note eee nee cee mae 


in Griqualand-Weat, aouth of the Vaal river, on the border of the 
are here near Kimberiey a number of lintel arena approx 


it \uenoes, tho rork is more frm at fm bluish green or 
alld the “bli ground” or imply = the Dias “ie cpt cently o trp inoae 
brorcia: a basa of hydrated magnesion sieate penetrated by caleite and opatine sles ned 
clog fragment of bros dillge, ai gael, agnette, oe tenia amt fot 
commonly mearapiite, pyrite, seam, eee. Tho diamdns srw rather abundantly iste 
Hated though the macs fa wove elit to the atouut of 4 to eatatn per cube send. Tho 
nets to have txen m pecaliae typo of pertinte. Thee arene ate baliered 
{6 be voleanie pipes, aad the oveurrence of the diainoads is obviously connected with the 
rule cut Hi tig pois Gru bout pom toe eka Oiler 
portant mines, sthlar i ehaescter to thone tear are the Jagersfoutein mine 
in Orange Free State and the Premier, eur Pretoria, Transyadl. 
eaiumesdtare alo obinined in Horie, sacclsed with platioun, ete; iy Australia 
1h the United States a fow azonoe hava been found in gravels in North Care, Georg, 
Virginia, Colorado, Califorsin, and. Wipoonsin- from idaho unl fron. Oregon 
‘with platinum, 11 1900 cinsinds were oud near Muréreestorn in Pike County. Arketeer, 
oth ose inthe soil snd enim in'« pertdotite rock nacosatod with tulle aid bercees 
that oeeur in Carboniferous aad Lower Cretasevun stntas Cousslctable exploration mone 
hus boen done. * this locality snd protably between two aad thee thousand stones foluek 
‘ie stones bnvw been of god color bat usualy mal ithough one weighing 31 crata was 
found in 121. 


‘ani 
‘tomes Among thee tay be entire 
Totowing: From the Jagufostla ine Ow Edit wedge he Noe, 


plnule cubie apd cubo-ctabodral erat HL = 25. 


lunar or radiated; sealy or slaty; granular to compact; 

See p. 40, for a discussion of atomic structure, 

.vage: basal, perfect. ‘Thin lumina, flexible, inelastic. Feel greasy. 

H.= 12, G,= 200-223, Luster metallic, sometimes dull, earthy. Color 
iron-black to dark steel-gray. Opaque. A conductor of electricity 

. — Carbon, like the diamond; often impure from the presence of 
ferric clay, ete. 

11 has been shown that graphite may contain eome iron In said solution, 


re ste. Atm high tempersture gome graghite huras mare eaeily than diamond, 
ce ei Ihe ts Seti "Gaslred 

‘Dif. — Characterized by ite extreme softness (soapy feel); iron-black eolar; metallie 
Jantr: low pecs eravity;alao hy infuslis. ta robied crak a blak. Ct, molyt 


any on the basal plane. Commonly in embedded foliated 
foe as oe 


‘br Grate soar neon a resem alain o elena 
fee tolerue aban ad 
feud n'a ner of dif : ofa oobmcure a hae had 
various in itmoy eee am spraton fy» leat agen, Ge graphite 
t sececaaace 
He anal Rees aat Souris prgmatie andar eam ant the ent 
the oocurrenee in Ceylon, “Of a similar avgit are many contact metarvorphi depositn, 
Immonen chin chs hse ho en ter naa 
fof the oan! rock oe trode poner Sons 

use nsone ploce tka reclte tarogh the alteration of coal by Rent. Com 
fon aonctated Meciads feldapar, Ena ratio late, pyrite, loi lan, 
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or rl ‘sti, 
‘Sati stows hs es an ol metalic are nd antimony. Ita 
Gaal aioe sf smiee noun’ Brom Almost, Proce Foixan, Bobeniy 
‘Azdewaberg ithe Sars Me ee 
Riembohada xynal;, commonly 

ine mamive Pec peitetic charage i= 228. G.— 62. Linter_ meal 
Uake‘Snd steal tincshale BB. wholly Tolle Tn warm concentrated sulphate aid 
isives red solution. From Rumanis, West Aurtralis, and » mumber of placer in Colorado, 


ANTIMONY. 


‘Rhombohedral. massive, lamellar and distinctly cleavable; 
shows polysynthetic twinning on (0112), 

(0001) highly perfeet; also other cleavages. Fracture uneven; 
Luster metallic. Color and streak tin- 


‘Comp. — Antimony, containing sometimes silver, iron, or arsenic. 


— 3.0. on charcoal fnce very easly adie wholly volatile giving a white coating 
Ton Tithe Gutisg eats the HE, ach greens, Copal rly fs Gans, 
"Ob, Ants lik afer, anion nd ers re 
ice Ties coec petra, Bokesias Chie, Beene. 1a the Unted Staten fs 
dleneats lai, FOE pieces Callers. At Gouth Ham, Quebec; Pace Willan 
Park, Youu Co: New Brum 
‘Doss An ore of watts 


BISMUTH. 
|. Usually reticulated, arboressent; folinted or granular. 
Cleavage: (0001) perfect. Sectile. ' Brittle, but when heated somewhat 
malleable. H. = 25. G.=98. Luster metallie. Streak and eolor ailver- 
white, with a reddish bue; subject (o tamish. Opaque. 
‘Comp.— Bismuth, with trices of arsenic, sulphur, tellurium, ete, 
Pyro ek — 1 chara fags very aly anil alr ving » coating 


‘the 
prarokaks ~ In eubie crystals and 
gant conning mal siounis of wth i the 


NATIVE ELEMENTS 


Gold Group 


= 


cou. 

Tsometric, X-ray study shows a face-contered cubie Inttice (cf. p. 26). 
Distinct crystals rare, (111) most common, also d(110) and m(311); 
often elongated in direction of an octahedral axis, giving rise to rhombohedral- 
like forms, and arborescent shapes; also in plates flattened || o(111), and 
branching ‘at 60° parallel either to the edges or diagonals of an 0 face (see 
p. 1M), ‘Twins: tw. plane g. Skeleton commen; edges aallent, oF 
rounded; in filiform, reticulated, dendritic ‘Also massive and in thin 
amine; ‘often in flattened grains or seales. 


Cleavage none, Fracture hackly, Very malleable and duotile. | H. = 
25-3, G_= 156-19°3, 19°33 when pure. Luster metallic. Color and streak 
eae sometimes inclining to silver-white nnd rarely to orange-red. 
Comp, — Gold, but usually alloyed with silver in varying amounts and 
sometimes containing also traces of copper or iron, 
‘and specific gravity from 19-4 to 165, The 
f Neoutaver. For G. = 170, Ag = 
i ic eo 
9.01 percent 


conta eoper up pec ent fa the Ural te 
spline eat ( orpor, Hews) bm, inlangthe Ue go 


EF Agassi mabe 
i 100" C.), Not seted on by fluxes. Insoluble in 


Peete In, hee tly a 
ang Tig sid ede ates Pe the eputlan ook sep i seta pe et 


ier 
peas grt a tel a ee 
Ho te eae cet 

‘Obs. — Gold is Bol acta et eu: te a bee oa fn Cyst 
era tn ney toe Se i a Tov ena pominl ba Qoaess 
Er cattle ri Ge 
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weet belt; some sixty miles in Jength, nesr Johnnnesburg. The wold ja found seattereds 
‘of steeply dipping quarts conglomerate rocks. 
bin hag in the pst produced large amounts of gold. ‘The ehiet 


i 
+f 
? 
i 
i 
i 
i 
t 


soteworthy fr in allver out it produces alan con 


a 

sidesBic paid’ npertant dstet fata ollms Alia, Maalenn azd Ais i Soars: 
Sano ics fa spclally about Parra i he Dolores te the went 
oeter of tne eta the Ef Oro mane in of 


Mexico; the Pachuca diotries in. 


‘Canada. ‘The three important placer districts 

‘Territory tad the Atlin and Cariboo in Britiah Columbia, ‘The moet, productive vein 
epost ‘are found in British Columbia tn the West Kootenay and Yule district” Goll & 
sb found ia Ontarn and Nove 


fe 

Jr colorado, Gat md i tatu le 
fete the Leste istree and others in Lake County, ia the region, 
tt the Sa ‘Silverton and Telluride distsiets, Cetpple Creek 
iste Chants! placer dapoats in the Deeckenge dines 
Scale "Phe a Tod mines are le tbe June Sietect, while 
he ciel ievire those of Fatonals wad Ultared ta the Yukon basin snd the 


See ns ee a Penitota. Nevis The most fmportant ditnicia are thowe 
AGeiseaiy th Bemecabie County and Tooopak ix Nye County, South Dakota. The out 
Pak i he ar apotnat lng In ladon Vangel ple) 
{ip verinaa produ tbe a i inode {ht oe 
a dares ee fw Cte Arne "Tha important coustios nce Mote 
Cesena year ey rem the tam wo Te dir i 
Ealke Conny ail frm don County. 

Gees ie ehel one of woke 


SILVER. 


Isometric. X-ray study shows that silver has # facecentered cubic 
Inttice (ef, p. 20)- Crystals commonly distorted, in acicular forms, retiow- 
Inted or arboreseent shapes; coarse to fine filiform; also massive, in plates or 


gee Laur ali Coby aol sak lver-whi, 
ilver, ehh ‘some gold (up to 10 per cent), copper, and sometimes 
platinom, antimony, bismuth, mercury, 

a RICA a hat Ue eet conf iia a 


pravity. 
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‘Obs. — Native silver is snuck rarer in ogcurrence than native gold but is widely distetb= 


Salphides or arveniies pon arr chro, ete. Te one i famon of tn acborecent and 
form shapes, [0 veing wich most aver ence oF ote erp meter 

‘morphic rocks but it iv also founcd aegociated with eruptive rocks and al tines in sediment 

fone it aio truely ooo Gawain, tt mally vy, 

othe nes of Kougsberg ave afforded maguiticent 9 of ative aver, 


vee re 
is common in Saxony, ‘at Preit ‘Schnee 
ferit G Siar ce omelet Seer 


it “Cire 
{orth production of wive, Tye ative metal found expeily at Bulopa, Clue 
fits and nf Guanajuato, sla it various place the stator of Sondra, Drang a Zac 


Th the United Staton it ceeureaascinted with the copper of Keweenaw peninai, Michi- 
nj io Montana at Butte and at Eline, deflemon Cot tn Idaho lange Tora tre oe 


Poorman 
Shombone Co, \ iu Colorae coosiderable aiwnunia were found at Aspe a 1 als occa ta 


‘Coleman Township; 
Supgror, at iver Inet ee 
joe. — Au ore of ailver. 


coppER. 
Teometrie. Atomic siructure shows a faco-oentered cuble Inttice, The 
tetrahexabedron a common form (Fig. 668); nlso in octuhedsal_ plates. 
a Distinct erystaisrare, Frequently irregularly distorted 
and passing into twisted and wirelike forms; filiform 
n and arborescent. Massive; as sind. Twins: tw. pl 
7 o(1L1), very common, often flattened or olongated to 


spearshaped forms, CE p. 194. At times in poendo~ 
Bernie ale pellg: kee, caloweainy ae, 
a |al| *}) aragonite, ete, 

Clenyage none. Fracture huckly. Highly duetite 
and malleable, H, = 25-3, G.= 88-89, Luster 
metallic, Color eupper-red. Streak metallic, shining. 
p= cio, Opaque. An exeellent conductor for hest and elec 

ini 


Comp, —Pure copper, sometimes containing small amounts of i 
silver, bismuth, tin, lead or antimony. = 


Dba Nalirs copper ems, rat stay, soar nacre though ound 
i sssarores elites enruc obly eatoet 1s norcnerclt ueitin’ “Vecios thes 


‘opened tate 
dice cate copper. It nny be predplated from a rane waldtsn by the nla of 
ie mubwtances, nf the ure of the action ot mood on-tine wate. Usually the rear 
isomer shppiahe by desman oon ot, which a or 
fa ck. Copper docu io bolace sea 
‘Sutated sith chniconyrite, chaleoete eke or sith sopra, teh : 
fore in msetson lssoinee clay lates itis requ aiesdant in Ste aac ot igus 


Tr Htussia, copper occurs ae Th a limestone at Turnial, near 
also near Niche Tage rest occurs it various pikes in ene 

Sowuh Austral it Sours abiolaatly nt Walroo and nearby on Yorke Pesiaaula; at 
Broken Hill, New South Wales. in Bolivin there is a noted oocurrence in aandstonie at 
fetta Pas were te ound ery nd in pomoep ater ar 

alka is Meco at Conants Boner. 

‘Copper te foutid 19 mall amounts at various localities throughout the red sandstone ne 
ey Tie sate Uae Stain in Mapes, Comet al mre abundant 


Hee ‘Tetrion Komeenave Peaineula in northern 3 
Ft oa print fray the wee te pe alas the 
iivemetal and is Obtained over an area 200 alles length. Manes of grea ize have ben 
found; i covered in 1857, weet st $20 ton The copper t assorted 
“with prehnite, datolite, analcite, Inumontite, peotolite, » Wolluatonite, eal 
Ute, fee "Native aver frequent found mal tonne The rods of tis dee 
Sip stenpy bs the northwest. The {is seat ling ho nts 
the norte rou a i) seen ling the itertios 

eat ee ‘eometines ars the era an pen 

ol) a wei that rnverse 

\ the Copper ee ae, 


MERCURY. Quiver, 
In small ftuid globules seattered through Crystallizes. at 
matt Gand tien Stee by Secny alate 8 sooo tenors, Ge 
136, Luster metallic, brilliant, Color tin-white. ©) 
Comp. — Pure mercury (Hg); with sometimes « little silver. 


r., etc. — BB. entirely volatile, ve best 5 Dissolves in nitric acid. 
Ber Sia Si te ae a 


vig and inuately ammcited with cate. It lx comimonty in smal sated drops 
Pines bon ford is lager fd tnaoesoocupying exis inthe rock of the depot 
Marty‘ apeocur Ia rock o vaio bind we Put ually regio of yon 
ing "Mele amaryl ons fo a mia ‘vith depts 
ron bo si 

ound at Ura, in, Gori, fay (formerly (a Carniola, Austr); at Mt. Avala near Bal- 
ea ia; a oe lrg nae ar one, Pusat aac 


Teasatie: Fpcootered alien, Grytalivnre, Unailly t ta 
pls aud sll abular masees Very malleable and somewhat ductile, 
= 15. G.= 14, Luster metallic. Color lend-gray. Opaque. 
Gomp.—Nearly puro lead; sometimes containe’s litle aliver, alao 
antimony. 
.— BB, fuses exlly, costing the charvosl with » yellow to white exile, 
wit [ er eally ‘ie ri nd #3 iat 
Saulve fond is extcemaly rare fa fs oveurrence. Many of the report occur 
ial ot ntl charter. the ybew-krwwn local ge i el Seti, of 
iy eng ener 
ies (pe Apel rg state of In thea Valid States hea been fous nt 
‘New Jersey, and at the Jay Gould mine, Wood River district, Blaine Co,, Idaho, 
AMALGAM. 
Isometric. Common habit dodeeahedral, Crystals often highly modified, 


Also munssive in plates, coatings, and embedded grains. 
‘Cleavage: doscenhédmal in traces. Fracture concbiidal, uneven, Rather 
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brittle to malleable. H. = 3-35. G. = 13°75-141. Luster motullic, bril- 
Viant, et ae ap cee a Opeque. sae tak dae 
Comp, — (As,He), aver and mereary, varying from lo Agate 
Undoubterlly represents a solid solution of the two in each other. 
Yer-—Oniinary oman, Ag tig (ver 20-4 per eit) or Aalig (iver 25°); aleo 
elle iret Mala taver 0); Go £95; mabeaoand tt Renpey, 
eH, che the marry voalie nlm of vi ely 
tho clad tae the erry mimes snl evades othe etd prt oth se a auto 
‘Shs — Amalgam le of ve eccurene, bet oan i eer merry or vera: 
{ts nay fs sal scattered raion or erga. “IL i ften amociated with fan 
therefore to te oxidation zone af he Occurs 


"Tia, —Tetragial,  Nativy tin has been reported from several Jaralities. The only 


Piatinum-Iron Group 
PLATINUM. 


Isometric. Crystals rare; usually in grains and seales. 

Cleavage none. Fracture hacky, Malleable and dvetilo, HH. = 445 
G, = 14-10 native; 21-22 chem. pure, Tuster metallic. Color and streak 
whitish stechersy; shining. Sometimes magnetic and occasionally shows 
polarity. 

Comp. — Platinum alloyed: with iron, iridiam, shodium, palladium, 
‘oamium, and other metals. 

imum yelds rom 80 15 or ween 18 per ont of fron, Oto percent pallu, 

Lio perc aes ta tus a ao of esr sd Rely U8 tos pr ook 
‘or more of cape. 

43 Non-magnetic or only slightly wngnetie. G. = 6-5-1 : 

a. Mopals Grates ik enn eam Sl oscar he 

‘Thermtgetic serra {0 be connected with high perastge of in (rcteplatnu, 

natu Rok etectel by tae of alt of exit a the 

stad OS dns in rsstins fe woo ant appar may be cbtobes dae ony tt 

Mi, Distnguiehed py color, meaty, high specie gravity, tfusilty and 


a occ ihe enw lenparta datect inthe Leal Me: Herd ibe plats ha 


Kesaigal bomen tat nein rocks; there sant cans the olivine ee called dn- 
ites froquently it, Found in olivine pyroreites and rare in gabtiro iu oceur= 
‘enc in thene rocks i the real of the process ie difereatistions Iu the Tranevaal 
‘ecur ia theee rorks except in very mmnall and weattered amounts.” ‘The productive deposit 
inee the Tint tre lo 

Tucks. 'The associated minerals to be found with platinum are olivine, ahd the serpentine 
Merived fcom Tis alterstion, chromite, rsgntite, sireon, corundum, ani the various platl- 
‘uum 


fetala. 

‘Platinum seas frst found in the alluvial deposits of the river Pinto near Papsyan in the 
Iptendencin af Choro, it of Cauca, Colombia, from whence it waa taken to 
Burope in 1735.” More it frat recelved ite nace from plating, allverlike {platins del Pld), 


‘River ani the Iss 

So cierccmy ised 
i en rsa So 
burg. Tt haa been found in the sand 


land; 9} diy in the sand of the Rhine; and in Count 
iain Berne, (rom New South Wale fin reported 


rom the Lydeaburg and Waterturg dim 


Slate Crecks, tritstaries of the Tulameen River, Lt bas 
In. praia nthe peridot of Olvinn Sorta. “In Altera on the North Skutch 
‘yan River nese Edmonton. 
‘Use, — Practically the only ore of platinum. 
Iridium. Piatinitdiuro. — Iromelric. Indium alloyed with platirum mod other allied 
of'n elverswhite Golor.' He = G7. Gi. = 220- 
‘the Ural Mis, and tn Brel; also In nether 


TRIDOSMINE, Onmiridium, 
Rhombohedral. Axis = 13823. Usually in irregular flattened grains. 
Cleavage: (0001) perfect. Slightly mulleable to nearly brittle. es 

67. G, = 193-2112, Luster metallic, Color tin-white to light stoel- 


my, Opaque, 
— Iridium and osmium in different proportions, Some rhodium, 
platinum, ruthenium, and other metals ure usually present, 

Var. —1. Noyuibile H, = 7: G. = 185-19. In flat scale) color tio-white, 
er per eon a in, 2" Abr, Ait ene, often weil oor rah 
Teese, (G-— ahaa Novoversopercentoitdu “Lem cotnon tbe 

‘Dit Dtingtished from platinum ty rover hardness wad by it tighter ear. 

Ste — Oe wih Ruin the ab eaey of Cho, Coloiay feta the att 
‘of Ekaterinburg, Ural Mix. Ia New South Wales at Plating (FVGeld) and elsewhere 
fn Bra ether, frequently found i tha of northerm 

on. Erorh the Queen 
alas. 


Morty ee, Ho Sk Sarai ne ae Renee Oma 
cmntie Wal Min. Potirite wan deeb nc 
[amir itamond Teangerea cutesy Betoh Gulane. 


IRON. 


Isometric. Usually massive, rarely in crystals, 

Cleavage: 9(100) parent ‘ilso a limellir structure i] (112) and || d(110), 
Fracture hackly. Malleable, H. = 4-5. G. = 73-78, Laster metallic, 
Color steel-gray to iromblack. Strongly magnetic. 


smases, cceasionally of grost size, so well 
‘Gviiak (or Uilakly Disco lands West 
gon courine Ito 2 percent of Ni te 

" 


ppartally s-rpen 

iy 

in stream gravel ‘Similar 
Tumbla, hs beeo enlied sournte, 


freely ‘@ stouy matrix (mateo. alonte). 
Rarely meteorite consists of single erystalie ind 


E 
ne develo by ech (ene 
sat i ales protic! ts 

Shue rote shaw tne? ryatlline 


4s umslly more olen dreply ite with rounded 
Seon d Tal enrored i hen toot mete 


Meine. — CS. Thi match orginally rae ariel a artrand, bax 
been found occurring naturally aa all green hessgunal ates ia th meteoric ion af CAD 
‘Diallo, Arizona. 


IL SULPHIDES, SELENIDES, TELLURIDES, ARSENIDES, 
ANTIMONIDES 
‘The sulphides, ete., fall into two groups according to the character of the 
Positive element 
L. Sulphides, Selenides, Tellurides of the Semi-Metals, 
TI. Sulphides, Selenides, Tellurides, Arsenides, Antimonides of the 
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I. Sulphides, ete., of the Semi-Metals 


‘This section ineludes one distinet group, the Stibnite Group, to which 
orpiment is reluted; the other species included stand stone. 


= 07208: 1 504858; 
110 TO 6" 48° 


Crystuls short prismatic: striated vertically. Also granular, coarse oF 
fine; compact; ss an inerustation. 

Cleavage: (010) and (001), fair. Fracture small conchoidal, Seetile. 
H.=15-2 G,= 556, @ = 254,8—268,y = 270. Optically —. Ax. 
pe ou). X ae ass — 10%,” 2V = 40 dispersion, p > & 

resinous. Color auroru-red or orange-yellow. 
varying from orange-red to aurors-red, ‘Transparent — trans 


0 
lucent, Disintegrates on exposure to light, changing to 0 
mixture of As and AsO; A A| 


= 08" 15". 


‘Comp. — Arsenic monosulphide, AsS = Sulphur 29, ar 
senie 701 = 100. 


‘yr ete. — In the close tubo mele and gives a ark red liquid when 
tot and reddiah yellow solid when old; in the open tube (fasted very 
sulphur fine ad while eatalioe subline of aren 
THB on charwoa! bars with m biae fame, emitting arweieal snl 
‘cipro og “Sola i enti li. s Pa 
‘Art, — Reslgar is frequently noir ux sublimation, product from 
fumaces routing ores af arseaic,  Cryatnle sre produced when arsenic Nagy. 
GRE eet ft sme Tae wits sun twa Hesrboraie. NARA 
1a eat wi cect ted oe ine 
‘vith orgiment and other aesento ein rtibnite, iver, — 
The alay found In certaln limostots or dlorites, in clay rocks, and wn voleanie sublima 
rm prehiet oe depastt fron hot pina 
‘eniexr oorure with alver nid lead ores at Feluobinya (Hala Speie}, Kupoikbénya, and 
Nogy-Ag in Rumania; at Allchar near Rozailan, northwest of Salonika, Macedonia. It ix 
fon in fine cryvtale fo the dofomite of the Hinnental, Valuin, Switzerland In Japs in the 
provinces of Hikusen uni Shimotsuke. In the Yalted States it ls foutd in the Norra Geyser 
‘Followtove Natioral Park, Wyomig, where it occurs with orien a depoaition 
from the hot waters. From Mercur, Tooele Co., tab, and at Manhattan, Vso Co 
evade ung rel rom tbe Arai Ta‘ pone of ha 
Jee. — Waa inn firework to give's rill white ligt when maxed with eater 
sand ignited.” "These! material f now woe Yor Yala furpooe 


ORPIMENT. 
Monoclinic. Axes a: bie = O06: 
orthorhombie. 
Crystals small, rarely distinet, Us 
Shee aii id) hi chy a Jeavage f tHeall sted; a(100) 
Sleavage: b(010) highly perfect, cleavage face vertically strinted; a( 
in trees; gliding-plane c(001), Sectile, Cleavage lamina: flexible, inelastic, 
H=152 G.= 34-35, « 4,8 = 28,7 = 3-0, Optically +. Ax. 
pl. (001), Z=a axis, 2E = 70°. Strong dispersion, p > v. 
peurly on’b (cleavage); elsewhere resinous, Color lemor-yellow of several 
shades; streak the sae, but paler, Subt t —subtranslucent. 
Comp. —Arsente trisulphide, AsSs ~ Sulphur 39-0, arsenio 6/0 = 100, 


slowly 


65, B= 80°10’, Psendo- 
ially in foliated oF columnar masses; 
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— Same a for rena, 

wt (=p ee Leeson pee 
‘Ket, Grhiment hus been aynthetand by heating solutions of accents with sammo- 
wiceaen en also by the ireatoent unre preare of arse bad 


—Orpiet  verysotamony seule with rea altbough roel eae 
ln lincsourete "ie Sa a inact mintcam and abe 


leu value naoctnted with Fe 
nt Allehar, near Rozadan, northwest cf Salonika, Macedon 


ae red hi org nrg ar 
“‘Yeso, Jat In the Uni Ca als gel chy pcany ering Tooele Co., ‘th 
Lesh pera 


nd 
“The wane 
riven a allasion 


sie alee is. 
mineral. 


“The species of the Stibnite Group crystallize in the orthorhombie system 
and have perfect brnchypinacoidal cleavage, yielding flexible lamin, 
“sos orirnt ssn parts wana rel ol, 
eet Footed tat in ke way Ue fs tmonoe 
Stn aioe, whe the cortoponding compan! ty0y lente) iacrtborosatie 
STIBNTTE, Antinonite, Antimony Glace 
Orthorhombie, Axes 


ma””, 110 ITO = $0" 3", 
HEAT Saale 


0179, 
be, O10 12b = 95" 


1B A TIS = 35° 59 ib 83) 
LIS A, 119 = 25°36". by, 010A TH = 8 38 


yal penis tated (ured vertically often curved or twitad 
(cf. p. 210), "The betier eryatals arn frequently very rich in faces Common 
in py sugregales oF ailing ro wipe of acieular crystals; ea 
voarse or fine columnar, commonly bladed, fess often granular to impalpable, 
‘Cleavage: b(010) highly perfect; less perfect cleavages purallel to (001) 
(101), (110), and (100), The planes of better cleavage are alan gliding 
movement On which yields at times curved and warped crystals tly 
sect.” Fracture gnall emb-conchoal. H. = 2.” Gh = 482-16 
a, Nib, rele om lanvagn or fresh curtalne ures, Color 
toe ea ears antag taste grag subj Sata ay 
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yr ote. — Fumes very emily (at 1 (he Sane gre lve. Ta the 
weil Sy Tui AS, pear na te 


“Thema 
Metaribaite, An amweptou beckred’ Uepeait of antinony triolphide, Shy 
vecur st ingaar anda bie wpe mina neh Seana Sp 


BISMUTHINITE. Binuth Glanee 


Orthorhombie. Rarely in acicular crystals. *, 110 A 110 ~ $8°'8* 
Usually massive, foliated or brows, = 


— ide, BuS, = Sulphur 188, bismuth 812 = 
100, Sometimes contains a little copper and iron. 


‘Sian i beth sulphide from Nacoer, Soanen, Mice, ontsning 
Spateet Gis mnvcbiamuhenne toes teeonnes ncallags bs doeinielapecios ootansog pod, 
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“ke ee 
sided tema mah hag spl! ea Tamas ihe t's eld 
tae tha ann ti, rosea 


‘smuthinite io compnentively. aro mineral. tia wppareotly conned tn ite 


‘nineral but at timer itis found in the sneondary miphide sone 
Southern Noewaye it nccurs with lors, tit mage areca, 
Fund urmalliertrs vine. fn olivine acid wih nw tes 
iemnthinite f found te Batony. at jy Rumania ate 
‘tay and Moraeien (Vasko); in Sweden at toe a oy Vast 
manland, at t, Verminned. Je Bean IC posture at varies &e 


irene a 
ica ead Chaser da” ea" ceca Re 
lia ate al cy odie Chet Syl 
Seger, Montane st Tri garnet und Boru i Use Grose dna, Benter 
‘Dae Ai oof ninth, 
wih tama sor of up rnc ene Ie mice ty a aa, 
iS ements = 
chal ee Cee hai tin Hee yea 
Sn eee eta ation sae etic 
ESSE, Station ae 


‘TETRADYMITE. 

Rhombohedral. Crystals small, indistinct, Commonly in bladed forms 
foliated to granular mamive. 

Cleavage: basal, perfect. Taming flexible; not very sectile, H. = 
15-2; soils paper. 'G. = 7-2-7°6, Laster metallic, splendent. Color pale 


‘Comp. —Consists of bistauth and tollurium, with sometimes: sulphur 
and a trace of eclenium; the analyses for the most part afford the general 
formula Big(TeS)s, 


Woe fee fom supe, Bites Teun, 8, Nema 912.6. = 72 
fiom Dab udphoneee. 28%, Te, Bs, = Tellaruty 36°, malphur hfs 
E Sr = 10 i is tis rote cums Teetey aad tack tae anoetae bs a, 
ann oi 


sr spn tle a Wl ela it latte, hh Be 2) 
Fe gg rn har cr nt eset piece Hoy gt 
Pra erp etry opt maken ne beret, ed 
HEE ee ee und Ua gibt vie cap 
at Se iin On gamita in 
me Facet ame te mec tendon at Bs motan os es ae ee 
Pricer np tel 
Se dong Solent Gdonlagn, Caloris sk Cea 
ganar rs vy 
son ‘Vastinanian ‘Cumberland, an oh ‘uk 
ee eet eS ee pee 
a reese 
‘points in North and South Tis Goria wear Dahlooegs, Lumpkin Co,; near 
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Faken Mention: ot Ga eee Co., Colorsdo, With hessite and altaite near 
Liddle ‘Creek, Sloean distriet, “British Columbia. SA Sala ee 

‘isin be coset sue Oe rors Soe er a 

rom Curent at Comber Ea Gratis ee Seas aaa BGT, oe 


ee 
Ri Se aca cvenprentate Sal), O74. Ga 
mpiaew eee npreaetantdaiamn Oe 
es ee eo 


cg erg tee = 9816. © hexagonal in form, tabular, or short 
tly tapering striated. Commonly foliated, 


‘Cleavage? basal eminent. em Hesible, but not elastic. Sectile. 
WOTTE Ge 47-48" Luster, metallic Color pure lesd-gray 
BAB rey ko om Tepe eens ons Fea Opagie Feed 
a wtp Moly disulphide, MoS. = Sulphur 400, molybdenum. 

An the open tube fae ia rayon pe 


reside 
ck Recmbln raphe in efoame and structare fe p67) bt las in 
cola of streak on paper ate porcelain and sip Tem om 
A eats han bo se seal ‘yan Taste ode 1a fu 
in ot Rover of byes ened a aultide ged ke 
ara Bae ts ocanee wloaal of hyenas. oseurs whey 


nut nover in lange quantities. It ls frequently io contact ‘amsoriater 
eee wees “de Kise fol perineal jaar 
eins amorinued with ruil pel wean es Te eooee rarely found in praia line 


et Cin foe tie ores of and Zinnwald, Bohemia, Cenchoslovakia, 
and Mh fatale Neewe k oaso coer so fn : 
1B hpi tandem Mr a ri nt Lan ta 
ae tiene 4 
‘Rance New South Wale; nt Wala near 
oe Souk Wet rea at Winn in ht att Pe 
ine ggrsene Bh Vestmurelansd, Ne 


Jater included graphite and molybdentte, and ‘of anthony. i 
ati Ere ie sed lyfe was otal by Scheu YTS Y9, 


"Uses hn inportngt ore 
Proiahiy We Earthy o ised Cor an streak, nk lead -gray. 
4B. aoa Ci 74 Feud ot Bes mi Sn Cae Ca Ta 
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a air Seaton esi Amann eee ey 


1 ip his ma ton fl nt len tg 
ges the propartion of the negative senent present. ‘These di 
groups to them are ns follows: 


C. Intermediate Division 


Embraces Bornite, 5Cu,SFeS,; Linnsite, CoS.CoS,; Chaleopyrite, 
CuS-FeSy; etc. 


D. Disulphides, Diarsenides, etc., RS, RAs, ete. 


1. Pyrite Group. Isometrie-pyritohedral, 
2. Marcasite Group. Orthothombic, 


A. Basic Division 
“he base divin ines several rae adie compound of silver, copper 
oor nickel ehiefly with antimony and arsenic. Of these the erystallization af 
dyscrasite and maucherite only is known. 
‘DYSCRASITE. Antimonsilver 


Orthorhombic. Axes a = b =e = 0-575 = Crystals rare, pooudo- 
hexagonal in angles (mn'', 110 A Ho oo" 1) 1 rn ‘by twinning. Also 
mamive,  Clesvage; (001), (O11), good. Fracture uneven, Sect. H. = 
35-4. G. = 944-1002 ‘Luster metallic. Color and streak silver-white, 
inclining to tin-white; sometimes tarnished yellow or blackish. - Opaque. 

‘Comp. — A silver untimonide AgSb = Antimony 271, silver 729 = 100. 

X-ray sturdy shows dysernaite to be identical with artificial Ag.Sb. 


gases setendranals rca mates teal 


ry ett. BB, on charcoal fuses (1-5) to coating the coal with white anti- 
iaty aio td aye © ale of pare silver. Soluble in nitric seid, 
ete a was daratcesaa Wad a cece 
ne et, eerie mee i ey hee 
ieee oe eae en 
eis Se Se Ome wa he 
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Hi Asncinrre The ores from Silver Iaet, Lake Superior, contain 

oar uae, aot fom Sir ad keel ate ans anna 

iias been shown to be a tuixture of silver, galena, and nierolite 

Hortedie.— Kaveri, macive cpm satin probably Coe (Sb 24 per 

— ‘arsenide, CusAs. X-ray study (Machatachki) of structures of 
‘shows that ‘domeykite has a different structare 


Titer metal. 


& ‘s 
nie; bp wickas Sewey” ta North ate He 
Bite, a ahha Kchet mins, Rewernaw Co, with atoll st i 
Lake Soponor Oster 
‘Monswarre — Like domeykite, CusAs, with Ni ant Co, five, fine ar to 
EE gal shisfunt velow tage; tavnone dull pare. = 36. Beale 
seecemacsige vt 


2 ee Mikigen oo 


fain a to be CsA ten shorn to ser, Dhenerite Gescrivod aa NisAa, Found 


single cubic pasewhite cyatal pear adel, Sabu, Aus, 
"Aste "Copper aceite Cucks (Aa 103 percents G,= 742. Reseabio 
Lite: "Prom Chile; alm Lake Superior. pac examinatfog shows this mineral to 
aims of ie tones Say edt se 
Ws ile sn Cu atte ge ce 
ee . 0. O.= 8 
Fe Ee ee Tee Sr te Calera Boh mle 


‘Wasson 

heh tak” Lar oye Hh 8 
: ts pers ekarl 

flew af Vulean, Guunson Co, Colorato. 
Mlawcheries-~ Nish or "NigAeyTet 

6, TS aor rec ‘civewette 

Go, “Tesiy tithe From Eleten, Ts 

Eesamar fram Ek Laks, Optio. "The 


1. Isometric 
Galena Group Argentite Group 
Also, (Pb,Cu)S, Yad Hessite Asie 
te Phe 
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GALENA. Gauencrn, Lend Glance. 

Isometric, Structure according to a face-centered cubio lattice. Com= 
monly in cubes, or eubo-ootahedrons, less often oetsbedral. Also in skeleton 
crystals, reticulated, tabular, Twina: tw. pl, o(1L1), both contaet- and 
penctration-twina (Figs. 427, 40, pp. 186, 187), sometimes ropeated; twin 
crystals often tabular || 0. "Also other tv, planes giving, thetie tw. 
lamelle, Massive cleavable, course or fine granular, to impalpable; oecasion- 
ally fibrous or pliumose. 


Cleavage: cubic, highly perfect; loss often an octabvectral 
ture flat subconchoisal or even, H. = 25-275. G. = 
neta. Color and strnk pure teadzeny. | Opaaue 
Comp. — Loud aulphide, PbS = Sulphur 13:4, lead 866 = 100, Often 
contains silver, and occasdonally selenium, sine, cadmium, antimony, bismuth, 
copper, tx sulphides; besides, also, sometimes native silver and gold. 


Var, —1. Ordinary. (a) Crymaltioed: () somewhat bron and pines: (6) elewy= 
sue ur oar fe Gut, (@ cryptneeaalin The vary wi otal paring 
iti mal a he aay er ang of th 
peculle paring maybe connected with tie arth mally prewnt. One viet show 
Site paring nan nl oat ene aenren 
: feb: All goiena a ore im argwatiferaok xn no extemal churudtory 
2 ati eho Kl dat rein om tow i ar ot halve 
st by eupellaio, and ray amount iran fow dhocaandi of ane pr eat one 
fericon or mpore. when wed raver 1 rank ba weber me 

SP amuteing tesa wrantinony, or x compound of five metal a inpusiey:. Here 
tang wlan Yai yp rt Kaul iia, 24 Sy 
Stim fom PA Groth arene ai tinny. 

Pyr. — In the open ula ive ‘sulphurous fumes, 1.1, on chareoal fuses, exnite aul 
‘hued futon cate The cual yuow eur the way (PO) nod shite mith x Mah bode 
BRATS adh ded iinn ny ain. Goanene ty oe 
‘ui ac th thn part of Sto hr aol he fran of ta ate 

fe era varetie, Uy Vac Seah 
ise or Hoppe rent. 
teal ae crust 
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{alline aod noneeyetalline rocks: The vent are commonly in eruptive rocks or chael 
sSecited with har eeu” Amit mineay ara eens hile, 
coqarite, pyrite, tetmabedsitn, bournonite and other au liver ort, quarts, 0 
Seas a tae, Mare fuerte te Galean often erres sonata aneant 
ff silver, ancl this together with (te (requeut akeociathon with allver minerals snalces ite de 
joaita fmipurtant souroes of that metal. Cixleue wlan oceurs ia enact rmetamorphie depos 
Mek Nery imporant type of ocourresie i that in Which tore ot les iregulae podien ooour 
as roplagerient deporte Wt aiestone oF dolueiite rocks. The dolamitisation of a lnsextonn 
Foquentiy aocompanies the formalion of uch ore bodies. ‘These anayue may not show 
jumiviation with intrusive rocks. The associate! minerals luce avo invatiably phate, 
ite, ad ‘lao comnmonty smthiwnite, limonite eaelt, Holoente, ete, An unusnal type of 
epost oocure none Cevnmera uot fae from Avela-Chapelle in rosin where the alec 0+ 
<uenin cones theyre santos "Vai ern fete pari 

F ceri an unglesie, frequently accompany galenk 

‘Only those wecurence of lena whieh are cf importance because of ther compere 
‘yahur or beesuge ol the mineralogical interet of the opacimens eal he nutoned ete, 
Vion Sehemntty (Selineestsanya)Ceechoslovakin; in the sive tunes Pfiiarn waa Mies, 
Bohoriny it Rumania at Rapuikbsioya and O-Eodna from Bleiberg, Carinthia, Austrir, 
In Germany lt ooturs it fine cevatale in the ailvertend veina of Freiberg, Saxony) trom neat 
Vin, Heman-Noaut, and ne Eollenburx;. to Westphalia in wnoxtal crystals from the Gow 
‘eebach nine, near Latapr. alo frou Musee; very gommon aad often fh ie specimens from 
User ng are Mi epecly ot Arenberg, Nor, auval and Zl. 
{old, and at. Paton Borg new Bad-Socha.” In Taly it hae boen fon at Hottino near 
Kcriventa, Tuscany, atch also with the lavas of Venuvius, “Notable localities in France are 
2 the tes of Pia Purde-Diie; Nhe of Pont Bia neat Deus leet 
ftid at Poullapuen, Finktéye. Pine epeelnveun come frow Truro and Liskcerd jo Comawal, 
SUAlnon Moor in Cumberland, and ht Wenrdala, Duriany; tn Seat nt Wanloekhead, 
Thurufeion Galena y fond asa ia wane pase fy Austra, Cie, Hols, Peru, wh 

Extensive depenita of galena in the United States are to fe found {x Miswour, Tiny 
Soa, and Wiennsit,Tiyore wtually occurs filing cavities in strait limestone, of difers 
‘it prod fron Silrian to Carboniferous. Tt ie sociated with spholerte amjthaanil 
Sal, pte, The Mia tun are unter dine i then 
Ui the mata (1) muthenster,chietly In Bt. "Washingt, and Mfadiona sunt 
th) enteag) moi remem ne Soils dat, iti moe oasis Oar die 
trict th ange Mp Vay ar on i wutweien Wc At Aner Put 
til Sehulldaim in poethyesters Tian nt Canon, in eastory tows... Pound in eryatale 
‘ith ealite and ehaloopyrita nt Hava, St, Lawreace Co, New York, and alst at Rilenvill, 
Mer int ty Peneaytanis nt Pheu ail esi fo om Bicer, 
Ollatipmans In Calor, at Leutvile ni Anpee there are preductive tes rf 
‘ha enena; als nt Gorgatoen the San Shan strat wn alaewhere fine “cimen 
Front Breckearile, Sunt Co,, and Lake City, Hinsdale Co. Mined for ailver in 
‘Clete Alan regen fa iho; st the fark’ City and ‘Tint districts tab. 

“The naine galen i» from the Latin mulona (Greek ray, « name given to Toad one 
orth com fe etd end 


ig rit oe ea and relly aan awa en 
ir Ame mineral rr Ch i character from xls | 
tone of chal avelives sompuation, CWsC2ST). Material else bere om 


irae fe Sag PAu aa, defi ul 

cs ME in tin i Chile” Werte a 
‘cooly Ute aleatone 

iit lam ct ht 


‘Atomio stenoture like gulona. Karey in euble or 
ontabiatmal ery, silly traaadye with eulve cleavage. (I, = 3. CG. = 816. “Colt: tine 
‘hits, with yellow nye lenin 


Mta.'Sihesi with heasite: Coquimbo, Chiles in North Carolina at Kiig’s Mountain ming, 
{ain Cin la at Cy Boge Ca Ue Oran Min, neat Lan Creo 
‘Glmunsballi.—~ 


tal 


ine gray ee reeling lens. 
ro, and Borge, 
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folate, ete; Uriuchite, elaorhalto and Gsmanite; srg, attain and 


ARGENTITE. Silver Glance. 


Isometric, Crystals often octahedral, lso cubic; often distorted, fre~ 
squgtly grouped ts resioulated or arboresoent forma: also filiform. Massive; 
Ided; us a coating, 


X-ray al thermal tule sve aren that argent has up nna srictr only at 
epee above 280 GTi nvrmons A bi ular alert to on of 
{alot and the two cannot be considered loo AC ordinary truperatres, ange 
Mie chown an ervariombie stewoture which io tatieal mich at of weaaihies“Argestia 
autl-acanthite, therefore, ropresent tespectively, the high and low temperntuicw forus of 


Cleavage: a(100), (110) in traces. Fracture small subconchoidal. Per= 
fectly sectilo, H. = 2-25. G. = 720-736, Lister metallic, Color and 
streak blackish lead-gray; streak shining. Opaque. Often alters on the 
surface to 8 blick earthy sulphide. 

‘Comp. —Silver sulphide, AgS = Sulphur 12°, silver 871 = 100, 

a the open tute gives off wphurous fumes. BR. on charcoal fuse with 
ingen. etn ef wc ro ing mn ok ie 


‘Die. — site a ‘ut with a knife; alo by 
Betuguibel i iphides by 7 


Alters to native silver, silver euly ete. 

Werner: exile Pal act one nase ever or enya ta ees 
ther io wlien ora st, fo proiovetver pies 
‘the eet rere primary mineral of silver, It occurs wt times 
ings umes i koro ocak flee wl roy fr mus 
one soa moon oe 
SST uc ih lose abel cllecpyia hot py colsit tad Sil rom 


nite ar a flows: in Caechnalovabin it Schemas (See 


Poe een ce eet eat 
Sec cece cea Sp ute ie ee 
Santinia pear Serrabus und with native sire: at in 


Onatnaly fo ‘Mexia, and eonakere to eros agen 
th’ alia Stay Ue fora r 
tite: Blaterial from the Ala (ei gC and relent ad 


Heecies ver rd, Ape, anes. Colle mane, camp, oF fine 
gett Ciectue inline” SSucwhat sacle, A S54 ne eats Cole 


Reboatian ‘Yerns and. Newnda Calif 
Be das gan dean voting Color" "Ta apse ls ns sais ad ad 
Cle 2Au = 31. Mamives granular o compact. 
EDGE soe: Coes Gay to eects ttt, 
Frou, Nagy, Rumasia: Kaleo, Went Australi At varlout localities in Boulder 


eetiletw brittle. i. 


Co, Colorado, freim Calaveras snd TGalamne counties, 
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> Silver aeleni and Ag,(S.Se), In skeleton dodecahesiral erystala, 

sa aon atin ain 
a et ee 

dak aod conadered ta eget. "Very et nea, = 28 


Beraslianite. — Copper selenide, CusSe. Inoutse atomic structure, In thin. dendrite 
erusta and disseminated. G. = 0-71 “Color ailverwhite, tarnishing, From Skrikerum, 
dete Tryperuis, Kalmar, Seeden; Lerboch, in the Hara Ste, Germany. 
‘Bucairite. —- Cuse Age, Isometric." Mamive, granular, G. = 70, Calor be- 
tireen elvercwhite nnd lestingray. From the Skream copper mine, pear Tryserum, Kal- 
far, Sweden; {rom sear Copiape, Atacama, Chile; In the Siers de Uranngo, Le Rioja, 


‘Rrggatina. 
TEroakcesite. Selenide al copper asd thaliut, also elvr (1-5 per cont), (CusTAglSe, 
foetale’ “Colae lege Prot the fae of 


Epa ie Aine Agee. esac wlisresla 
From Sierra do Usnanigo, Argentina, ad the Hrs 


coun 
ivy colamaa suns, “mcg clo 


Chaleocite 05822 =1: 09701 
Stromeyerite 05822 : 1 : 0-968, 
‘Sternbergite 0/6832 21 : OS391 
Acanthite (B886 31; OOH 


‘The species of the Cxaroocere Group crystallize in the orthorbombte 
eystem with & prismatic angle approximating to 60°; they are hence pseudo- 
hexagonal in form, iy when Tinned. "The group is to the 
Argentte Group, since Cus lke Ags as high temperature form 

‘a low temperature orthorhombic form. Some authors include dyserasita 
here (see p. 414), 


CHALCOCITE. Copper Glance, Resiruthite. 
Orthorhombie. Axesazb z= 082221: 0-701, 


om’ 310, 310 = 6 25" Ot A HT = oar agy 
“ha bah A Gat = 9258 eh SEAT 2 Stat 


tals \do-hexngonal in le, ulso by twinning (tw. pl. m(110)), 
Hay tenon oe (032) or fivtnaacstrs ‘massive, pre ies Leni ” 
compuct and impalpable. 

a 1" C. orthorhombic isometric: 
soe ere APT SI Ge thera atababos wil otalog Seth 
Cleavage; m(110) indistinct; etching of orientated crystals devel 
cleavages 0 ee pins Freture conchotdnl, ‘Rather 
sectile. H.= 25-8, G. = 5-5-5'8 (5-785 for artif. mineral), Luster metal~ 
fie. Color ond streak blackish lesd-gray, often tarnished blue or green, dull, 

Opaque. 


1 has beer shows experimentally that CosS may tale up in solid golatan ss much, a 
Such lowering ofthe gewviy, 8 
cent Steen ecupanie by Tomer be ery 


s 
"ihe color, and & Tuixing of the temperature of transformation to 


A = 

‘which boils with ¢; the fine powder ronsted at a low | on charcoal, 
wea ees Rico earner 

annie 


Sout We ‘Fru Soto Pre 
Inege ants 3 Taumedsprar ney ‘West AMiriex. From Mindoali, French 
Chie, Pero, and Mesto. In thy United Statre exceptional ame 
Ti cmmcliede” Also found to large amounta at Butte, Montand, and at Keane 
I tel rye River district, Alsaka.  Oreurs alo in varia copper mos, x4 at Duck 
i Tere at A Avan at Neve ed Cart 
in 
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Gubaite, Chalierite. —CuSPeS, Ortborkombic. Axil ratio near that of chal 

il rsa, verily rnd Twin ronan with (110) a8 

Prowablngetaiconie. i=33G-— 47. Calor brane to bronsegalion: Cleenels 

Insp Cid wa rainy dei ro Bangs sis rt Tuer 

Gere, Hrasl wad Prince Wiliam Sound, Alaska ‘The two appear to te ent 
STERNBERGITS, 


Onthorhombic, Crystals tabular | e001). Commonly in fanctke 
itions; twins, tw. pl. m(110), Cleavage: (001), highly perfect, 
flexible, like tinfoil. H.= 1-15. G.= 4215. Luster metallic, 
Color pinchbeck-brown, Streak black. Opaque, 
Comp. —AgFeS: or Ags Fess = Sulphur 30-4, aver 342, tron 25-4 


appears probablo that small aad amounts of Fe and 8 may be held in atid 
elated Ai fre and ary fom Joachinotal wa arpropyrite tote Free 
bs. — Occurs with pyrargyeite and stephanite nt Joachimatal, Bohemia, and Johann 


Stee 
ES EY eka 8 erin, Pongo meio 
ta aeaat ee AUN AGS We pra, leg ln 
a tee ee, ee ear a 


Faery asl dorwhere. In Chiltan nnd dacniesy Mason. "Hopoted Br Coloeade 
from Gsorgetowa and ico. 


3, Sphaterite Group. RS. Isometric-tetrahedral 


ite 208 Onofrite Hx(8,Se) 
Egcisabarite Ags Coloradoite Here Massive 
Gundaleasarite — (Hg,Zn)S 
Tiemannite Hgse 


‘The Sruavexrre Gnovr embraces # number of sulphides, selenides, ete, 
of rine, meroury, und manganese, ‘These are isometric-totrahedral in erystal- 
lieation, X-ray’ study shows the similarity In atomic atructure of the abave 
tmombere of the Sphalerite Group. 


SPHALERITE, Zio Bursue o Burxpe. BlackJack, Mock-Lewd, Fulse Galena, 


Isometric-tetmbhedral. Atomic structure: similar to that of diamond 
(ef. p. 40), with Zn and S atoms ulternutely taking the position of the C 


atoms. Often in tetrahedrons, the positive and negative forms frequent 
showing differences in luster, etching lines, ete. Cubs, dodecabodroa, =f 


traning often repent, sometimes tx polyeyathetis amelie. | Crstals often 
fand compact; also foliated, sometimes Srous and radiated or plumose; also 
botryoidal and other imitative shapes. Cryptocrystalline to amorphous, the 
latter sometimes as & a 


‘Transparent to translucent. Refractive index high: n = 2370-2428, rising 
with increase of iron contents, Some varieties will phosphoresee when 


ete. 
‘Comp. — Zine sulphide, ZnS = Sulphur 33, zine 67 = 100. Often con- 
taining iron aod manganese, and sometimes cadmium, mercury and rarely lead 


and tin, Also sometimes contains traces of indium, gallium snd thallium; 

may be argentiferous and suriferous, 
‘Var.— i. a i little or no iron; from colorless white ia 
1, Oniinry. Cotaaing tl ono to yellowish 


rete. — Dieu foe. sulpharous fumes, and 

charges, BiB on chal i ed tony whack eset le 
fot abd whe after cling Teldish brown nating Of ead 
‘ore wil fore fat. W ‘ives a greca color Whe 


tecaramecion ron, Dusotves 


‘Fielils a xine oxide coating on chareoal. 
‘Artif. — Sphalerite hoe beer artiSejally formed by beating tine solutions tay 
sgipige iced is valed tobe; ako by paring fooge supe over heed 


the most corntnnn mineral of sin; in its uneurrence and mode of origin 
Ikincosaly Med with palecn Ir found in contact ta sere the male 


‘humanin ut Rapeitbinys and Feadbinye (Bas Sprain Treo 
at Neudost in the Hare Mtx; st Ems in Hessen-Nameau; at Aachor 
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Aic-Chapull), Rhesish Promin In ine serena Rotting peng Sernrers, Tusa 
ie Binneaea Sl ifn lated eves n sovitce i dalontte. fine epee 
ena goto Puce, a Latrey, bread Pothean nen iy irc Vit © A 


Taoreary ews 
‘with muarcaife, From, let Gale Tualy' (formerly 14 Carniolny Austra), in at 
There waren Prony Feo Honea. a Calorie a de Tago sl 
‘ther mines weae Knoxvilla Napa Co, is the Haker ine, ote, Lake Co.; st New 
‘Sonts Clara Co at New ldria, San frenite Co., ete, 

‘Gaadelcasatite, — Near melacinnabarte, bk containe sine (up to percent). Gunudal 


asar, Sat Luis Potorl, Mexico, 
‘ele Hromettie-tetrabedeal, Commitily muna 


Me 
‘Tiemannite, — Mercurie Hise. ives 
compa, T= aa. G. = S10 Vinh 690-67 Blewsal | Loner metallic, Color 
fary to blackish lead-pray. Stroake omatly black. Oeours in the Hare Mt, pear 
Gogo and ng Tilkerde and Kinuwtal, Nesr Muryavale, Plate Co, Utabs is considerable 


mont. 

‘Onornrre, Ug(SSe) with Se = 4:3 (0 $4 percent. San Onofre, near Plates, notth- 
wet af Zacaicnn sieawih matte ts Maryvale Pe Co ab, Th bat 
‘SScurrence bas Gein shown 10 bo a mixtury of teeaannite an sphalerite. 

Caloradaiie, = Mercurie. elle, Figte. SMaave. ‘Cleavage, (111). Conctoidal 
retire, H. = 26.0. = 807 (Halgoorte). Color imn-black. found spr 
Igy sn Boule Co Cold "Bate pant at tho Kalgpnin dih, Wen Ali, 

fatornt called Saljorite mixture of colurafoi and pelsite. 


ih epalecive acd 
fod from bat sol 


om, Pur 
“he Lact Cum te Tomfotone, Ao aso A 
hTwe aloe on ake River mt Go Coleen. 

Sse foots in ple brows wprle with cae 
ote in Allegan metorite 
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PENTLANDITE. 


Isometric. Massive, granular. Cleavage: octahedral. Fracture uneven, 
Brittle, H.— 35-4. G. = 5:0. Luster metallic. Color light bronze-yel- 
low, | Streak fight. bronze-brown. ue. Not magnetic. 

‘Comp. — A sulphide of iron and nickel, (Fe,Ni)S. In part, 2Fe8.NiS = 
Sulphur 36°0, iron 42-0, nickel 22-0 = 100. 


Obs. — Pentlandite commonly occurs fatergrows: with ite and pasorinted also 
‘with milerite, neeolite, ite, pyrite, maressite and cf Tn Norway it 0o~ 
urs with chalcopyrite, at ba . northwest of Lillehiamer, Oplaad, 


eur with preity die Ontario, Canada tata slated with 


nickeliferous pyrrhotite. [bean 


4. Rhombohedral or Hexagonal Group 


€ 
Cinnabar = HgS. Rhombohedral-Trapezohedral 1-1453 
Greenockite CaS Hexsgonsl-Hemimorphio 08109 or 09364 
Wartzite = ZnS. a" 08175 09440 
Millerite = -NiS Rhombobedral 0-9883 
Niccolite — Nids Hexagonal? osios —9-9462 
Breithauptite Nish . 08588 0-9915, 
Arite Ni(Sb,A9) 

Pyrthotite —- FeuSu, ete. Hexagonal O8701 10047 
‘Troilite Fes 

Covellite Cus, 166 


hia fourth group among the monoaulphide includes several siviions 


eases perfectly clear, It is to be noted that the sulphides of mercury and zine, 
already represented in the sphalerite group, appear here aguin. X-ray study 
‘has revealed new relationships between these minerals but has not. yet. clearly 
defined the whole group. Covellite has been shown to have « strnoture simi- 
lar to pyrrhotite, although its axial ratio is more nearly related to that of 
cinnabar. Niccolite and breithsuptite differ in their structure from millerite 
and show relationships to greenockite and wurtzite. In some eases the 

ent accepted value for ¢ differs from that given above, but usually only tn 
being « multiple or simple fraction of that quoted, The former values are 
retained in order to show that whatever uncertainties exist in the relations 
between the members of the group they do have striking erystallographic 
characters in common, 

i Groth, the prominent ‘of wurtaite, sgeenockit ; 
ial seine ine acd wees epee a meet ot li] aos ae eee 
tein nee a prety gah et ye rg 

Scere and (2Dy aa cca 


F 


HH 
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CIRNABAR. 


Rhombohedral-trapezohedral. Axis = 11453. ‘The atomic structitre 
as given by X-my study gives double this value for e. 


E eeees ret tol ee a 
refi @ = 291,e~ 327. Shows strong circular polarization, being 
bout fifteen times a8 song as that exhibited by quartz. ‘See Art. 40. 
Var. —1. Ontinary: either (a) crgstliea: (0) mawsire, eqnbediied oF come 
bright ed brown ia calor; (earthy and bright red. 2. Hepatic. OF 
Taig et nie olor, thy and big ed. Hepat: 
‘commonly granular or compact. 


Comp. — Mercurie sulphide, HgS = Sulphur 13-8, mercury 86:2 = 100, 
UaSit pins Pe es nh of a ee ale Pea 
Fri Ha Mig slowed Sebo alonae Heeek ea nete ef pomeccte eilehites tote soften 


lunder ‘acidic conditions. Three modifications of Hes hare been 
Cinnabar is formed from hydrothermal alkaline solations and bs stable 


] 
tl 
i 
Ha 
‘ 


ssouthers it ‘Seuall 
{alt come from Nikitovks tn this district. In fine eryotals from Mt. Avale near 
Yuwoslavias 


(GiSRyict in Babs" oon in god expos ot omcetlandaber nthe False, 
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‘Bavaria. Img deposita are at Idris in Gorisia, It 

Uys Toa eaten end eae Tce 
tof dhe works ae Almaden, Clad “ 

ws dis Ue bonne ft Tapa Raver, enti al 


rt 


Th 
lanabar slong the eoutact bent serpentine azul molarorpiue,ndatones 
‘taal uu bet ound ts evan, Uta, Oregon aM Tey Brae 


“The name cionahar ia supposed to come fom Inia, where iti applied to tho rad ret, 
dragon's blood: | ‘The native cinnabar of Theophrastus ia trot 4 75 he speaks of ite 


Se 
Seep rea acacia 
se eon Tete 


coating. 
‘Cloavage: 9(1120) dintinat (0001) imperfect, Fracture conchaidal. 


Brittle. H. = 3-35, 
honey-, citron, or arange-yollow. Streak between 
crange-yellow and brick-red, Nearly transparent, 
Optically +. = 2506, ¢ = 2529, 

‘Comp. — Cadmium sulphide, Cd3 = Sulphur 22°3, 
eadmium 77-7 = 100. 

‘An artificial form (5—CdS) line been shown to haves watmac~ 
toner to into pee ie 
gear a iin Se aay Saari ines aca sas 

vr ete. — In the closed tube sasumes a earmine-red color 
‘whe bat fading to Use ginal yellow on cooing. In the ope 
tube gives eulphurousfuocs. 18.B, on chareoal, either alone or 
with soda, gives in RLF. a reddish brown coating. Soluble in hydrochloric acid, affording 


wt mre Pee 
rine ge eet mye 
jum le were fused to 


nokia, ani, Mealy eri ann rote eaactas See 
sis come oni, Seok re nla a EE alot ah eo 
Rens Np Sey $5 Dra ete ce adttostis Map alle oes ae 
; pe ed 
Forma, Mono Co, California. Not uncommon a a furnace product. - 


orale” Tine spin, rina ta 

ee ine nl 

closely bite ssl, id ive Cistage aa 
io = lack, Wares i 

‘ie rare form of sine © For 

{te reason te “ 


‘tphalerite see under ss ‘Mics, Bohemio; 
(Bais Bprie), Rumania; in from Orato and. 
ipo Ga rh, rans cet os aa Gea fee 
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Yeru. In the United States in fine cxystale from Butta, Montana; tn erystale 
{rot Joplin, Missour and from near Prisco, Beaver Co. Utah. 

The fihrous forms, schalenbiende, neeur at Pribram, Bohemia; Litkeard, 
Cornwall; ete. Many schalenblendes are mixtures of sphalerite and wurtsite, 


. H=3-85 G.=53-565. Luster metallic. 


and brei sre ei dire nicotene 
‘the two, Usually massive, structure impalpable; also reniform, col- 
‘umnar;  reti ‘Fracture uneven. Brittle. H. = 5-55. 


amenio is by antimony, and then it grades toward te, 
‘The te varietice have been called 
‘etc, —In the closed tube on intense gives = frint sublimate of arvenic. 
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easy 


xy becoming yellowish gren. On charcoal gives arenieal furmes wail fuses to a globule, 
inch, treated vith borsx fess, fords hy sosestve oxation, ren fron, oka 
Sad ollaly the anton ations ghee se sontoes tor salina’ Solis he sees 


ba, — Nieclte jr commonly snicnte with malt, cbloanthite, annabergte with 
tative slver nnd th alverareris seria ite chacorysie and ether sue arte 
indy ee iri found st Reade Sef, Aisa Dem at Sosa 

turit at many pane San Manabel, 

aman Helo 

is 


£ 


‘te is Homer 
Jo Pranee at 


Box 
‘CUB, Colorado, 


"Thunder Bay. 
‘Tit Cove, Newfoundland. —— 


se. An ore of niche 
“Tiaiuecastere. -Desribed ae having composition Nits, has been shown to be a mix 
- ti ‘Gutaro. 


is 

.— Nickel anti ‘Nik. Rarely in va i 
meee tamara oe, ee area retell 
Siem ee 


Anutreasber 
Narbo, near Sarrabus and elanwherw in Sardinia, At Cobalt, Ontario. 
PYRRHOTITE. Magnetic Pyrites, 
Hexagonal. ¢ = 0'8701. 


coor A 16T1 
Shown Ado Sie 0 


‘Twins: tw. pl, a(10T1), with vertical axes nearly at right angles (Fig. 
44, p, 189), Distinet erystals rare, commonly tabular; also xeute pyramidal 

with faces striated horizontully. Usually massive, 
with granular structure. 

Parting: (0001), sometimes distinct, Fracture un- 
even to subconchoidal. Brittle. H. = 85-45, 6. 
SSS401.| Luster metalic, Color between bronze. 

yw and copper-red, und subject to speedy tarnish. 
Streak dark grayish black. Magnotic, but varying 
much in intensity; sometimes possessing polarity. 

Comp, 


retin i ret ome a re, ei 
ote ttt eS tas 

Seecme 
II ani ded Ce (ee 
cee eta rt, oat seers ae 
Oeste aimee waka feet ey ete a al 
2 SLL “Leche ana ee 


a Bid — Diotingichod hy Uta preullar reich Ionse coke; alo byte maggetie prop 
‘Ari. —Pyrshotite fas heen synths by sho direct union of Iron and aulphue anit 
she in pre Het! i snwmnare forge mie "Dt 
scene tnnentinn, hss! A one epentars a 

ret 
‘Obs. Preeti ears at Mines In ling aunts sweat with bale jgneoue 
rochn, gach ws pubes wert, Leraonte sigur orks ety frome wick ches bolas 
‘egnled by sods form of mayinaiiesifereattion. “It ie gomiuonly sasoclated with thal. 


SULPHIDES, SELENIDES, TELLURIDES, ARSUNIDES, ANTIMONIDES 429 


pyrite, landite, magnetite, ete. It is also found in contact metamorphic 
sis ele ea erin ee eh ea eee 
aan Soe hemi oar 
‘Loben near St. Leonhard in the Lavant-Tal, Carinthia, Austeis; in Trentino, aly, in Val 
ee eth, 
LaRue ase 
ee 


(COVELLITE. 


Hexagonal. X-ray study shows a complicated structure similar to that 
of prithoit, ‘The axial ratio is clos to tht of einnabar, tnd tbe, two min, 
erals have often been grouped together. Crystals usually thin hexagonal 
plates, Often massive. 

Cleavage: basal, verfect. Flexible in thin lamine, H. = 15-2. G. = 
46. Luster submetallie to resinous, Color indigo-blue or darker. Some- 
times has « purple tarrish. Often shows fine purple color when moistened 
‘with water. "Streak lead-gray to black. Opaque. In very thin plates trans- 
Jncent and shows pleochroism in light green colors. Optically +. @ = 1-45y4. 

Camp. — Cupric sulphide, CuS = Sulphur 380, copper 66-4 = 100. 

ote, — Fuiiblo at 25 sielding wulphurows fumes. After acting and moistening 
wih gael, acid gives asureblve fave.” Much wiphur in Te 

t. — Covel iat been artificial ting in sealed tubes @ cupric 
pot ih nani aeenain nl by het at wv colt of corer 

‘Obs. — Covellite occurs in copper veine negocate eammonly with chaleonyrite, chalso= 
tbe, Sarg te i hn mt as rotary nig oredr the 


Sltertion ad ensrient ‘ofthe copper mers «vein by the ation a 3 
oan" Feequscty i tsnte mtearrowth wih chest. Also ray Gtecrved neta 
{imation produc, a at Vonvian nil the Tea of Venu. 

ovale found at Bor, northwest of Zajtar, Bern, Vegoavia; at Sangecbasieen, 
Sas ag ery mh alone, Ay eta aan fel 
Hen is Chile, Beli Argautiny Pert nthe Uaitad Sten covelite sccur at Butt 
Migtanm win cake hi nC Suma Gre Gay ae 
a Viel apy Miner Cov ear Laramie, Wyeming ia ‘eit, 
Sian Coy Deak, AU Kennecott, Alaska 
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C. Intermediate Division 


fallor i sometimes ql 
rear regarded as Sulpho-salts, namely, 


BORNITE, Peacock Ore Purple Copper Or Variegated Copper Ore. Erubeseite, 
Iscmetrie. Habit eubic, faces often rough or curved. Twins: tw. pl. 


11), often penctration-twina. “Crystals are. “Unually mamive, strstr 
granule or coms 


nur 25° = 100. 


et 

Sie ThAopeate shaitecte, covet. etree, pyrite porte mares 
‘Has ben noted wits Pawnee, garvet, cal 

Renopyaite, seer ‘ee. 


‘Tiseasy. From Redruth, Ce Ta ‘color fram Androl, 
7 Madlagnarar.’ An important ore at Mt Lyell, Tasmania. Tia the 
ev oro ea Seeman io Peru, sand Mezico, Was 
wat Brit in ‘Oceurs in quantity at Butte, Montana. 
found in exutera at the ‘Co, ete. 
ol after te pastas yon Been CAD TON). 


Su PeCeS Irometric, tetrahedral, Mamive H. = 4. 


Dale Iotr IntnatelyYtergromn ith 
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Violette. — A nickel mul 


ite. Nickel-linnmite, —NisS,, In octahedral crystals; 
Bical ce aoe nt neater Rn 
s = 
‘The polydyrit fram the Sudbury dintrict, Ontario, is of doubtful Tt 
Saawariya S 
Ubréelite.— An iron-chromium muiphide, FeSCnS,, oscureing with troilite in some. 
maeeriete ie ere a 
Cat ater Hoe" Pes lat Boca Ung otek of Mosel, Huan 
Stecisl With erythiie, xanabengle, alah, dente 


CHALCOPYRITE. —Copper Pyrites, Yellow Copper Ore. 
‘Tetragonal-sphenoidal, Axis o = 098525. 
pe UA TH = 108°40% pp AML ATL = 70°7Y'. oe, OL A 10t = 44" 


Cyatals commonly tetrahedral 1 aspen, the aplendidal fac p(t) 


large, dull or oxi (111) small ‘Sometimes both forma 
equally developed, and then octahedral in form. ‘Twins: (1) tw. pl. p(111), 
8 
wy 


C201), (613) 
resembling spinel-twins (Fig: 443, p. 188); sometimes repeated as a 
af te of anf comp lr 


(Fig. 688). (2) Tw. pl. face (101) (Fig. 680), often in repeat 
Grins. (G) wr. pl, m0), tw; azine complementary penetration twins, 
X-ray analysis shows that the structure is similar to that of sphalerite, the 
layers of zine stoms in that mineral heing replaced by alternate Inyers of 
copper and iron xtoms, Often massive, compact, sometimes botryoidal or 
reniform, 

Cleavage: 2(201), somotimes distinct, Fracture uneven. Brittle. H. = 
B54 G = 41-44, Luster metallic, Color traeryellow; often’ tare 
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Sometime aurifeioys and angentiarous; alao eontaine traces of sles an tall 
‘decropitates, 


5 wulphurou inser Ou chaceal fobe tot angtete obi: the ren mit 
ees iol exten toed mh log laine gives intense hive fame 
Pecompewe by nine sed ging foe muha a gre ce io 


= ug and ppt ed er hon 
Big sine tro tr rite hy ts lero nd deer allow cole, 
so ee cana = 
artiilly prpared (1 


cies 
dE ee adr ara es Hg ee 


ue “sa alcomyrte isthe mat common aa! inpurant mineral containing copper 


sot from ty hy wa altro proc, many eh 

ne nae ne deve has bs eoniely secre a an gel tonsa of 

aoe uitinate saurce af the copper af ore deposits is to be found in rocks.of 

"Noted I pgiatite veins. Te ocaufe widely in metal velar and peste 

line set also in serpentine rocks.’ The deposits ure frequently near 

Pees pouty tn ney tocar Seta ie Troy emia ce 
erotik, "Cea nina aed with ty ho fra Cake 

Berea er rete lly seme pn en a 

7 at tes len Stet, 
Ettted with etabednt psa a ign ong ea hte. oe 
pee seeorinted with eproesie, co rym ‘often lying with parallel orientation upon 


Chale it i mul » equi uineral that nly ta ou can be 
‘in Corelealoakia at Sehl a, and at cee ‘Geimecse 


1 tt nd State in 1 awe ere nd moe of ene Ute Cn, New 
eau nivarincs es Wikeiy ee Comat 
ee cect ee 


ity ete." In eryntals at Central City and elsewhere 


Tost important wulphile deposits of copter, heh chal ia dh he 
mene foorl a tin ste of Aa Nonlin Nev New Seve Catfrty 
bona! and in Aleka, In Canad there are portant pot a Beto Columbia, 


“The mont lingortant ors of spp 
‘Netied fromn'yake, base ad pute, by Hnckel (3728), 


D. Disulphides, Diarsenides, ete. 


‘The disulphides, diarsonides, etc, embrace two distinet groups. ‘The 
‘nent metals included are the sume in both, vis.: iron, cobalt and nickel. 

The groups: Beeman therfore, several euses of iaoclimorphism, us is shown in 
the lists of species elow, ‘These sulphides are all relatively Nard, H. 3-6: 
they honce strike fire with w steel, and this has given the familiar tame pyrites 


sprlied to moet of them. The ‘color varies between pale braseyellow and 
-white, 
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Pyrite Group. RS;, RAs;, RSb:.  Isometrie-pyritohedral or -tetartohedral 


Stusitte Goan also (Co.NAs 
{Ghtonnthite Nias also (NCo)Ase 
‘Skutterudite CoAs: 


Marcasite Group. RSs, RAS:, ete. Orthothombie 
s0A1TO 101ATOL 
74° 55' 116° 20" 


67°33" 123° 3° 
Saffiorite CoAs 
Rammelsbergite _ NiAse 
‘Arsenopyrite _FeS,,FeAs: O-6773 = 1: 11882 68° 13’ 120° 38" 


Danaite —_(Fe,Co)S,(Fe,Co) Are 
Glaucodot (Co, Fe)$;,(Co,Fe)Ase 0/6042; 1; 11925 69°32’ 119° 35" 
Wolfachite ~ NiS,.Ni(As,Sb)s 


‘The Pyare Grove includes, besides, the compounds of Fe, Co, Ni, also 
others of the related metals Mn and Pt. ‘The crystallization’ is isometric- 
Pyritohedral, “X-ray analysis shows clearly the same structure for pyrite, 

jlite, cobsltite, ite and ullmannite, the last three, however, 
showing tetartohedral eymmetry. Smaltite-chloanthite and akutterudive 
though probably pyritohedral and closely reluted 10 each other do show 
structural differences from pyrite. 

‘The species of the Mancasrre Grove erystallise in the orthorhombic 
pews with prismatic angles of about 70° and 110° snd 8 prominent macro- 

fome of about 60° and 120°, Hence fivefold and sixfold repeated twins are 
contmon with several species, in the ane case the prism and in the other the 
macrodome named being the twinning-plane. X-ray analysis shows closely 
related structures for the members of this group; lollingite, safflorite and 
rummelsbergite have identical structures as also have arsenopyrite and 
glaucodot. Further the structure is elosely related both to isometric and 
tetragonal (rutile) structures. 


Pyrite Croup 
PYRITE, rou Pyrites 
Isometric-pyritohedral. Cube and pyritohedron ¢(210) the common 
forms, the faces of both often with stristions |jedge a(100)/«(210), due to 
combiniition of these forms and tending to produce rounded faces; 
faces also strinted 1 to this ede; octuledron also common, 
Figs. 600-095, also Figs. 151-156, pp. 81, 82. Twins: tw. pl. = (110) 
and tw. ax. normal to this face, usually penetration-twins (Fig, 433, p. 187); 
fly contacting. ‘For dlosration of atomic stuotute, ase p. abe Pre- 
Tuerly mise, Ae granular; sometinee eubdbrous radiated; reaifora, 
globular, stalactitie, 
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(100), o(111), Pesan ‘Fracture conchoidal to uneven. 
Ban HS Geos! G  448-b 10; 4067 Traversell, 5027 Elba, Lae 


fre, les iti wales ple bet, nearly uni 
Comp, Le disulphide, Pes, = Sulphur 584, ron 466 ~ 100. 


Yi pany Kale, (25-2), 
hate” ft burnt oat of tig fh eae es 
SS aa pn nnn tn 
ele tay amt Generate arc 
es rod ss one 
oxide imoontee, with aulpturie wei mel fre. - Crystale of pyrite whlch havn boon 
ae Melis ohh at ee Na ching ey mine 
mineral has oeraleialy caer pear ‘Large musses of pyrite lying near the surface: 
eae ramen lee inet aaa 
ar aetna in eased 
iS iocnie Sat ee es en ene 


i. — Faprinogi sw that pri fra a ral aligns at 

re ‘ollie han, ie deposited from acid solatious and in 

ers low 0" Thee Suites ean be formed throng the 86° 

Cea re errs nghogl thn resacing stlon of rroaacoaus astral x) ea 

eof Byron ks fa pe tre meat como 

fn the inl sodimentary tock In the tera ele 
SUSSEET ctecion of sobre ore imac 

Suisse apres of see andy food ure tno + 

Scatter hen ae fete nal ora 


> hyitmated 


te very mideaprend in We occurrent post common mulphide. At mes 
Coa ee Tg cunt miedo ‘stent oF ern 
{onl aroounis of sue valuable metal itvariahy- so be found ta pie 


fF 


i 
Fl 
in 
ae 


5 & 


: 
F] 
ti 


i 
i 
i 


fexe 

tone pyrite rena from Spar, ‘Go, Tizoie; i Colorado in Be crystals at 
teal Cty, Heusell Gulch, and eaewhere ts Gilpin Co. iz Suromit Co., at Landis 
fanterum in Ariona fn good crystals from near Tweson; to Utah from fnghamn Cam- 

{Yon Aoeriean Forks Uiah Co and tbe Park City trict i various datiete in Caliorni 
"Yhe nam pyrite i deve fron sin. fr, noid alloden to the sparks formed hem the 
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fermilion mine, istrict, 22 niles west of Sudbury, Onuazio. A 


106, Lanter metalic: Color thembite, Streak Mick, Found orginally in gold-quatta 
ae the Ve 1A ee cryeal 
‘rains wert identified in the sunds of Macon Ce Found associated with covellite 


Sor 

i'the Teambler ming, Medicine Bow ‘Ata, ound in large ebor 

‘ctahedelerytala fen sontweat of Pogietrsans Water datoes ana ea 

ete taonte. "Nota! in gold washings in easter Siberia = 
CCOMALTITE. 


Isomotric-tetartohedral. Commonly in eubes, or pyritohedrons, or com- 
binations resembling common forms of pyrite, | Also granular massive to 
compact. 


account 


‘of teturtobedzal 


Cleavage: cubio, rather perfect. Fracture uneven. Brittle, H. = 5%. 

G, = 6-83. Luster metallic. Color allver-white, inclined to red; also steel 

say, witha violet tinge, or grayish black when eontsining much iron. Streak 
vish bluel 

F Comp, — Sulpharsenide of cobalt, CoAsS or CoS,CoAs: = Sulphur 19°3, 

arsenic 452, cobalt 35° = 100. 


Ion is present, and in the varity frrcahalite in largo amount. 
ey ate altered nthe eae (lve In the open tao gives sopra fumes, 
sel A'Spaalioe mntia of aver Won: “BA. do hac ives wu a 
‘re oes aa fuse oa magni le wth trax cbt col Sabin 
‘sirm altie ci with Oe ‘nlp 
oe Mat comely founds meteor contact pontoon utc 
gneiss, also in mica and hornblende schista ud in diopmide rocks. More rarely’ in typical 
etn” ‘ocurs with other cobalt and nickel minerals, with copper and aver ore, With p= 
‘te fyrrhotite, oly lenit, weit, eaete, quarts; Fourmaline, ee, 

‘ees In tocantorabin tmount We Dyshkewan ‘eee Fleas, Azorbalja, Trane 
Cuuestian. Tn Swedes Inealities mutable for plendent, well-tefinest ln are at 
‘Busstog,Snlermanind at iddarhyttan aa abana Vstsaaland in Norway tt 
‘Skattonad near Modum, Tuskerud. From the Botallack mine, near St. Just, Cornwall. 
To Ghever mines a Cla, Coleman tweak, Ontare 

ser An of en. 

G 2 “Sulpharsenide of nickel, NiASS o NiS.NIAR, Iron, and sometines 
eohalty seplace tore or Tes uf the nick Tsomtritetartabedral; ‘wena, massive, 
Hh =a" C= 80-02, “Color silverswhite 10 seel-gray. -Olten i sina with siden 


near fins, 
‘Fram the Sudbury distriet, Onitarin | Corge 
‘9 being near gerscorthte hut eanfaiting antimony, 


wtNdsocnstye A helt secide, Bik wble ieee: Ooiura with sii tha 
foooenire. °Arebull senide, Bi : i 

Seige Caron ae ose pees ak oan occ 
proment in stall amount. laametel-tetarvohedsal; twth pyrtahedea! aavt keteabedesl 


jor occur 


anlar. I= fb.) 02-7. Color ateeh 
inwralag al a 


Pe eR AS ape petra 
iy ee eam a nd ria 
ici Pit rin fate, ae Sate 

at rr ain Sr ii arc ae 
‘England at Heancepeth Prk = 
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Yosaantere, Sulphide of Cu:Nt with smaller wmounta of Co,Fe:, Miromops 
1 ee cre A ee Uae eee. Cal boo-bcks ine 
at cubooctahera eryetala nnd ia radiating oodular mame In dolomite 


a-d-Sieg, Germany, bub shown wid to bea 
Rule of fathenln and min, probably ess To minute 
j cleavage f= 75. C= 
olor dark ie From the platinse ot reported 
SMALTITE-CHLOANTHITE, 


‘Isometric-pyritohedral. X-ray study shows that smaltite-chloanthite 
and skutterudite have sitnilar atomic structures but show differences from the 
ite structure. Commonly massive; in reticulated und other imitative 


pes. 

Cleavage indistinct. Fracture and_uneven, Brittle, H. = 
55-4. G.= 57-68. Luster Color tin-white, inclining, when 
mussive, to stoelgray, sometimes iridescent, or grayish from tarnish. "Streak 


grayish black. Opaque. 

‘Comp. — Suazmre is essentially cobalt arsenide, Covoanrurre is nickel 
arsenide. Analyses show considerable variations, RAs, representing most 
nearly the composition. 


Cobalt both and thus thes a enc, 
and nickel ar unally both present, 90 pecien graduate into 


Byte eter tn the closed tube giver & mublimate of metallic arsenic; In the open tube 
9 winks wutlimate of nrsenle. triowide, BB. 
‘sive B ‘Of ANOn the aemenioal ono, aad fuse to 8 
trettad with suoceasive at tase ory retoas oF en cal a Heke. 
Uy wih ores of eller en rel asics end pens, Sete od 
aque ‘ree find copper an ‘armen pyrite 0 
Entive arveni sonnetiznes with bets, Ts origi i ‘pneumstolytie aad epee 

‘between 386" C. and 420" 


fon “Tal Vela" Switeraa, ” Prom Praah Teay 
Gray Cor "New Meni. Tha eC de Osa, me AE 

iegerraatore pantie. Coloe gray. Prom near 
Saver City, Now Mec. a 
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Buworo<usures, ColAnHiy. A skutteradite containig biamuth Color te 
eh GA Zachara nea Shooter Sato 
Marcasite Group 
or the list of species and their relations, see p. 433. 
MARCASITE. Whit iron pyiton 
Orthorhombic, Axes a:b: ¢ = 0708221: 12342. 


mm", 110 A 119 = 747 65°. W011 A oF1 = x 
"101 A Tor = 10) OO A T= 63°46", 


‘Twine: tw. pl. m(110), sometimes in stellate fivelings (Fig. 482, p. 191, 
of. Big O77); also tw. pl. (101), leas common, the orystaln one fat angles 
near 


shapes. 
Se (110) 
. 5 in traces. 
es Fracturounmen. Brit 
fie; = 665. G.— 485-490. taster malic, Color pale trons: 


Yer Te, van ual, peal mitotane Retintl. 
ie Ms ‘fice in costae nettle forme pear Pie 
ith eter ann it te tho Bo par fr BS. 


ly ny 
on ree, iseent Ye inte to deren, ore re 
mat has lower vpecfe eri ae fh 
conti rtnt what onr ‘el cole a clistinguisbed by the formas, 
St majet to tarish nod foal Secinption 
Stareaitscaa be dat 


Sock 


et 
il bun 
Shan fpr i rir he prof oe a bo scl and taken 


feat i re ade “Tho Soke med, woh cae red analy to deter 
‘ifferenoe i 


in the ease of 
‘ent of the sulphur fe oxidised to milphurie wid sli ec ‘bout 12 per cont 
Paper ee errr arene 
iti Kirt! ‘oa tobacco rower then a nd fal Hh, 
Pye bce ony ably brownie 
“Ai. Sareaite feing relatively unstable ia easily altered. ‘often diane 
Saher Oe ‘sed. ‘tenn aiters to pyrite, 


“Gbe—Aaroasive i x mock lo stable compound than pyrite und ls form under 
conperaifvey inte conttons, ‘Experientia Rave sown tat Is dopita temper 
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‘ures below. 480° C: anu from ac whutlons ‘The higher the temperature of deposition 
thor ac the solic: at einry tempers ase ay Pe dpc: 
ited fom nearly neutral slats Slareasive i formed in eneral under warface codon, 
is ee ron whe the minal re dopo fs saci, hot wal alin 

Tetost commonly oes, aaociated with pslna, aphalerit,ealeite nl dolomite, ee 
in replsounent depots Urbextouc sas ix fr rein wher i dept po 
ie aaa ey er ig. ‘At timen found in saneretians sometiner of 

An seditoentary rocks lass chalk mata, ec. 'At ten samo 

‘hited with lignes, Often formu the material ts whch fosslls pre 

“The variety occurs aluundantly in elay in Dobersin of Credhoovakla at 
Laue wont of Carl (Kae Vary), at Alte, putes of Param, and xt epi 
{tary Serna renga ewer in rane i oc 
Iriel Cap Bags Nex Pw Sr Coa as uly ul moet 
Fle and Der, iets cocan Yona ound at tava, Doves 


ite ant galenas. roms Wisconn at Mineral Poin, Town Cos and in Sra oe 
ietrom Fascias Ca fe tas Joplin atic, henson soeoclasad ith palenn palricg 


“Te word marca, of Arable oF Moorish origin (and variously used by old writer, for 
bismuth, antimony), waa the name of cummoa eryxtallised pyrite among tniners and tin 
fraiogata in later entre, untl nea the case of the egies. Tt wns fst given to ths 


npecies by Hai 18-45, 
ee eee pea eet oe 


fawcipy onan fo Gusdeal 
Prox. in the elas 
Mauer ip Orange Cos ang at Nourse and eevle sa 
hd Se dua counties, 
Saftorte— 


oie. ‘esembling aseaopsriie: abo memive, G.-= 627° 
Goiorstvite wil fia of Sede” Frequent Yound urate wi Sears al or 
‘loa, also with vieolite, chleanthite, pyrite, aneanpyrite, ete. Qcoure at Lali 
itera, Carinthia Atri -t Seber in Stay: fr ler, 0 Hemet 
gh Bideben in Thuringia Tes Aloe al Ste. Dlasie aux Mines (Mafkiret). “Found at 
Pranklin, New Jersey, and in the allver veins of Cobalt, Ou 


ARSENOPYRITE, of Mrerroxet. 
Orghorhomabia, Axtsa's2.:¢ — 0677821 :14682,._Ci-say sindy 
that the unit cell has dimensions that 
that the length of @ should be doubled.) 
mom 110A 10 = 682 13". 
“, Age 
we, ONO = 6 
wn, M12 AO 
OF) OLLA OL = 98" oO 
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‘Twins: tw. Freee Precapees like mareasite . me 
ru Figs. 1 . 
atin, alan tilings (Fig 458, 59, 


Cleavage; m(110) rather distinct; (001) in faint truces. Fracture 
beat pes pes OoEUe tak oe ae Oe 
ver-Wi alsing to Heel-gay. Buea black, ue. 

Comp. — | aide of ron, FeAsS or FeScTeAs = Arsenie 464, sul- 
hur 05, fron Sr 100, Past o the fron istometine replaced by ental 
ae in the variety danaile (3 to 9 per cent Co). 


etc, — In the closed L peg oy? pret lye apetelctvendr ey 
petra iat el amen eg eed 
heated end and of a brilliant black amorphous deposit larther away. the open tube gives 
fpr emer tert tar, tern rr 
Bh nel ne a lee rnin 
= need ram 
jag" dees Sverre” 
fos. — Arsenopyrite is the moet cormsion mineral contalulng trsenie, x widespread in 
See eataien decane cidalow oom neo stn pr ae 
increas rede capi miter Ln 
eine airs ery 
- che coum eee 
eee 


te, verpen 

tis for the cceurrenen of arsshopyite are given alow. Tn Saliba 
Je, the ver in of Sastay at Fests, 

Menno Toheustela near Glnnehay, Altenherg, etc. In 


om Tavlasel, Devooeline in Belivs af th Ean Bilis ase sae Saree 
Pai the Unie ats cece in ne yeaa a mn men ‘New Hampahire (dane 
1); from Toxbury, Comnectionty from Pran 


i, Hun tantvile Colada Lage bods toot In ars oa vles at Deo 
“Theta mod Geran term of oul og, | Dawa fa J Pree 
tert 1827), who made known the Franconia loeality, a 

er An or of arm 


lpia ta ase eed on (0). ‘Sa samc se Gee 
re cdc yi seated ih ancora tmnt ‘neat 


Biiftarsetde of al end roy, (CoehAa Ey 
ae dai Mies oahte HE Be BI OOl,  Lnte oeali ced 
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ish ite Cera comsmnly wiht eel nner patil ith coat, 
Irth rich i often Intergrown. Alm soncated with chalcopyrite, prrebatite, eae, 


ihch appeae to be’ mista of 
wmanine Namuad from henson, 


eaten te = to5.'G =f, Fromatin 

inthe Romer iti “era od from dite of indir det Soh 
“lice Probably Nias seqeeornite [papal cay rsebling are 
alo algae rated = 8 vee to ti 

‘rilte. ‘From Wolfsch, on the Kini, Baden, r 


Melonite. nickel roger Nite. One perfect cleavage. indistinot ilar 
saad paris “Cro ela wil is gti ai Hyer 
cee eer ce Cos Caller: Seubt at Worarpe Rew Soe Wale, 


‘The following spécies are tellurides of gold, silver, ete, 
SYLVANITE. Graphio Tellurium, 
Monoclinic, @ =b:¢ = 1-6339 ; 1: 11265; 8= 89°35", Twins: tw. 
BL (10) giving ie, to branching arborecent forms resembling writen 
Son Bladed and impertaly columnar to granular, 

oe Ctearnge: MOIO) peace “fracture uneven, Bele A= 15-2. G, 
ss TOSS, aki meta, bla: Gol anstreak pre nests 
to silver-white, inelining to 

‘Comp. — Telluride of oud aod alvet (AuAg)Tey with Au =Ag'= 1:35 
‘Tellurium 62-1, gold 24°5, silver 13-4 = 100. 


vida ish vibe colori olution. Wh reat! with ates act 
ewol fen rain of rat coed ‘few room af frochione a ee 
SStutlom yeld an aburdact recpitavectallver chloride. “Tu Ube open tube piven a white ube 


Termes a tte diac heh wen Ch suey weit treated with the 


‘Obs. — Sylvan occurs invelnnaacclatet wih native ae said ver ta 
lie pag alten oie me i yi al ter mapa ws 
rs cal Ray tx cited wih gt te cma i 
pnts nile pir meth nett Seth eer oe 
rs Transylvania of Rumania at Odenbiya ard A Ni 
igor, Wes Atsteain™ In Colorado ia heen found in galdcr Cox at Gall 

Sutter Madoull ete tn from the gol tetris det ct uf Cripple Creek, El Pasa Co, 
He lenin as dn laer hy nthe Maloney a Star en ot Carn 

on ani a in‘aludon to wii, ce of 
Seeearne 

fli fol aod ioe AAR) ike yeni, 

‘eral rated, Chan oko = 


it 
Shree ewe yell rate fame made 
ee oe From Nogy-Ag in Tragiylvanta, Reman, and Capps 


‘ “wold allie, AuTey with mall amounts of ver: Monee In 
ad Soe an a hel sae re, ese 
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~ 2089, Color sverhite with often faint ely tinge, “Tenia sitar 
E aiseorspivantie with saleransoanef avershowing A Tre nisedt bots Ausale 


Be! 
iv 
| 
a 
ie 
F 
A 
Hf 
i 


to ona 4d 

fob fistre gyal Ps hal fr rani ania, 
nee ome Tog hi soem goad ‘Ce pe 
Pyare “a ea eecionvage  Mae- 
we Hea Sok Oe = 
"kagragite. — A sulpho-tlluride of lend and gid; some analsaee show lao abot 7 

ser Seay wil eae bai ef iri Orta» Cael 

ier ot) eraiar mune Flat. 

Gr Mae tf Lineal lente Soha i cit on 

om sr te jaibseyy Traneplinuiay tusmanloe rag a=] 
‘Cresk, New Zealand.” 


Oxysulphides 
‘Here are included Kermesite, Sb.8,0, and Voltzite, Zn,8,0_ 
Kermesite, Pyrite. — Antitnony. oxymlphide, BO or 2SbsSs Shs, 
i ar fay Feraiela 


swdon, Nc 

‘amd rou berm fron the Porat rinse 

i a Soetoanoy eno 
eee 


= 4 inty rowere, yellowish. 
Bit ea aah ee eater Se ‘Frou near Joa 


II. SULPHO-SALTS 
I. Sulpharsenites, Sulphantimonites, Suphobismuthites, 
I. Sulpharsenates, etc. 
TL. Sulphostannates, etc. 


I, Sulpharsenites, Sulphantimonites, ete. 
pdt ge lsh a futher ex on 348, pur tak he 
be Jad ECO, nlphure nad, ASO pheurhone aed, 1 
ie a , SO, , HPO, ote) 
‘Tha spucieg Gaited ane lls ai tha Scinhivents of Geno oe ie 
antimony and bismuth, ‘The most important ‘acids ure the ortho-nctde, 
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TASS, ete., and the meti-acids, HAs, ete-; but HAKS,, ete, and w series 
of others ar ncluded. The metals prem as aes tro chicy copper, eer, 
lead; also zinc, mercury, iron, rarely others (28 nickel, cobalt) in stall aznownt- 
In view of the hypothetfaal charseter of mauy of the acids whoeo salts are here 
represented, there isa certain advantage, for the sake of comparison, in writing, 
the composition after the dualistic method, RS.ASS,, 2RS Ass, etc. 

Many of the species of the sulpho-sult' group are rare and ean be ot 
briefly mentioned. Further as many of thr are timate associate wi 
other similar minerals and ure frequently imperfectly erystallized, good anal 
ses.are often rare, ‘Therefore the interpretation of the available data and 
proper classification of many species present difficulties, Fortunately several 
general studies of the group have been made recently, and these (especially 
those made by Wherry and Foshag and by Cesaro) have been largely followed 
in the classification given below, 

Tt should be further mentioned that many authors include as part of the 
sulpho-alt, group many of the specics lamied In Ula book a belonging to 
the intermediate division of the sulphides, interpreting their composition as 
aulphio-ferrites, ote.; seo pp. 430-132, 


‘A. Acidic Division RS : (As/Sb,Bi).S; = 1:3, 1 3,824,425 


Bichbergite (Cu,l'e):8.3(BiSb):8;, Chiviatite  PbS.2Bi,S, or 2Pb8. BS 
Vibaite ——TLS.3(As,8b) Gindite — 2PbS.Cus8. SBS, 
[gS 285.8 Rezbanyite 3PbS,Cus8.SBiS 


Histrixite 


B, Meta- Division RS : (As,Sb,Bi)S; = 1:1 
‘Trechmannite AgS.AsS, Rhombobedral 
Platynite PUS.Biss Rhombobiedral 

Zinkenite Group. Orthorhombie 
Zinkenite —- PLS.Sb.S, Hutchinsonite PbS.(T,Ag):S.25b,8) 


Andorite  2PbS.A8.38b8, Chalcostibite  Cu.S.8b.8 

Lindstrimite 2Pb8.CuS3BiS: Emplectite — Gu,S.Bis: 
Miargyrite Group. Monoclinic 

Miargyrite — AgS.SbS, Sartorite PHS.ARS, 

Smite” AES ASS Lorandite TISASS. 

Matildite BLS: Gatesontsuernie PbS.BhS: 

Aramayoite AS Be bis, Berthierite FeS.SbS: 


©, Intermediate Division. RS = (AsSb,Bi),S, = 5:4, 352,221,522 


-2PbS.3Sbs8 Monoclinic 
Plagne SPbSASbS; Monoclinic 
Bismuthoplagionite SPbSABIS; Orthorhombic? 
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Ramdobrite BPbS.AgS 3865, 
Heteromorphite TPS ASbSs Monoclinio 
Rathite SPDS.2A88, Orthorhombie 
Schirmerite 3(Ag,Pb)S.2Bi3, 

Hammarite oes, 

Wittite SPDS3Bi(SSe)s__ Orthorhombie 
Benjaminite (Cu,Ag),8, 2B 

Kleprothite 3Cu8.2BiS; Orthorhombie 


Jamesonite Group. Monoclinic or Orthorhombic 


Famesonite 2PLSSbS, Monodlinie 
‘Owyheeite oes: Sb: Grahorosbie? 
Cosalite 2PbS.BiS. Orthorhombic 


Kobellite ‘2PbS.(Bi,Sb),S, Scuarnacutre PbS.AgS.BUS.? 
Berthonite — SPbS.9Cu,8.78b.S, 


Semseyite OPLS.ASbS; Monoclinic 

Boulangerite Orthorhombi 
Freieslebenite Hele Monoclinic 
Diaphorite /Aga)S.28b.8s Ortharhombic 


D. Ortho-Division. RS ; (As,Sb,BiS: = 3:1 
Bournonite Group. Orthorhombie 


Bournonite 2Pb8.Cu,S.Sb,8, Lillianite ‘3PbS.Bi.S, 
Seligmannite ‘2Pb8,CuS.AsSy Wittichenite 3Cu,S.BiS, 
‘Aikinite 2PbS.CuS. Bis, 

Pyrargyrite Group. Rhombohedral-hemimorphic 
‘Pyrargyrite BAgS.Sb8, Proustite BAgS.AsS, 
Pyrostil BAgS.SbS; Manoctint 
Bisale 2AgS. Mus SS Monoclinic 
Xanthoconite BAgS.AsS, Monoclinio 
Sanournrre BABS Ans? 
oi Scus Shae ‘Monoclinie 

lotypite 3Cu88 
SOcesbaynite Shas a 


3CuS.SbS.? 
‘Tarauerme BAg&(S,Te).Bu(S,Te)s 
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Tetrahedrite Group. Tsometric-tetrahedral 


‘Tetrahedrite 3CuSSbSs Tennantite 3CuS.AsSe 
E, Basic Division. RS : (As,Sb,Bi)S; = 4:1,5:1,6:1,921,12;1 
‘Lengenbachite GPES.ASS2A8S, ‘Triclinie? 
‘Meneghinite 4PbS.SbS: Orthorhombie 
Jentanite 4PbS_ARS ‘Monoclinic 
4PbS.BiS, Monoclinic? 
‘Stephanite SARS SOS Orthorhombie 
Geocronite SbSy ‘Orthorhombic 
Goldfieldite 5CusS.(Sb,As,Bi)s(8,Te)s? 
Beegerite 6PLS-BLS; Isometric? 
Polybasite Group. Monoclinic 
Polybasite «Ag. SS Pearceite ARS. ASS, 
Polyargyrite 12AgSSbS, Isometric 
Uitrabasite 2SPES.11Ag8. IGS, 25bS, Orthorbambic 


A. Acidic Division 


thy Haan yaa Yo eine mot enti ith 
SGladite "SPS CuSSBis Primate cyan” Clnrages: (010) ood, (160) ine 


fect. Calg Fl ame Hae G. mon uct wih 
Pee it act Gaccttavtne tf Gindiannar, rovers of stone, 
fe CaRIT LS Stkss Finewaiuien, namie Col Teatgay. O. = 
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Diretringence HL = 1°52. Color and steak seatlet-veriion, Prom the 

it fimeland,eértchmansle from the same Tray han lowly wine hat 
aa tai Use, "ikonfotedrl, Basal and rhonbobolrl ceeragee Hl. 

798, Color Hie graphite. Streak shining. “In amnall Iamelle ja quarts at 


Zinkenite Group. Orthorhombic 
ZINEENITE, Zinckenite. 
Onboitontie Avesa rb z¢ = 015575 : 1: 0/6353. Crystals seldom dis- 


ete. — Deoropitates and fusen very enily; eee ae 
see Cas rand antime ce, ibe sulph 
‘White ublininte of ose ves alsa arseneal furnen "On 


sonar ne 
Boivla fe the United States et the witsanytriten of Sever Coy Arkansas, in Coloradg 
feta Red Bout district San Juan Coy: ia Nevada teyortd from Storey, Nye Ca 


from Eureka, Rarckn Co. A raineral closely sinilar to, ft not \dentienl wit hs 
by ei bes eet une te ntze ee i — 
= Golo dark fay to From Rumania at Feladbdays [Bais Sprie); Oruro, 
fan deena” Weberte ie are ota with nd 


(Goetimiovslcin ‘rom Sexeny sear 
ae oe Tram eee 


Mlargyrite Group. Monoclinie 


AgSSbSi._ Te complex moooeini 
g Meron Latte wattncaamintine Cate wovtack wre ie ae 


Soraya ak eet Cush Pore aM hh ae 


G, = 54 Coloe dark lead-gray. Occurs in the dolomite of the Bi 'nlais, Sita 
i. Once fe Biren 
crap "garter but tele 

Gears Ment HOA OLN AL aL iOS 2 = es aie 
SPIE Sea lpeplealy (a a7 Eesreme rtigence. Cote ou 
From “Alicia, neat . borthivest of Salonika, Macedonia; Ravabler ring, 1a 


te. ABS BS, In slender, ayaa G68. Calor 
Found at the Matiidw mine, weae Mf ered Pe From neu Ni 
Shinotake, Fepas.Qeoury Lake City ls, Calarado, a aadat Cobalt Ontario: 
‘ABS.(Sb,BiS. ‘Trilini, Perfect cleavage in one 
with traces of ther cleavages making’ @" and 45" angles sith each other. Color, 
‘does blood-red on vers thin ‘isek streak. = 2:5. G. = 66, 
cited with pyre and tetrabrnte from Choonyn, Provine of Sa-Ciehag 


Sec, wee 3 echt cure, Tia era ry 
sane Sigeue Aare totem Srceden. feos Tare, 


Tlowerer, seh 
to bea mixture of cosalite, sphalerite, and 


‘Bartha 
tegen 7. Commonly intinately mnciatel with atbnite, the prence of which 


Ronice (Kaschat or Rasen) i Crorhoelovnkia, Tn Saxony from Hekunselart and 
in tho ‘feu Orally ‘decribed rom the dsiet of Hosttiaod, Pe 
France ‘The varieties martourile and chase were named from localities no 


Seay ier ie ‘Oveurs ral 
shinai exes Vale Vile Aare, Prom a riony nar Lake ones, 


‘ouihwent of Fredericton, Prinne Will 
Intermediate Division 


te, —2P 8 588s. Crystal wun, umunly prismatic oF ehomibo= 
bedral habit. Vesey ia tr i te uaa ily greater than. = 3, 


Found at Bata Mare Satal-Mare (ormerly an we, 
snug a th rte loa = Bd e ih Ns Ana 
‘pos re vations ven here ‘ber geste 


es wits the era 
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‘Beumbeweite.— Monoctinie. wrth varied babit 

Cue fre cere = 8G. = Beale Co Sao see, 

Sholnteizowe, Eom ite Hinesial, Vala Sparse 

(ot. Pasco lor Binet dart gage TL <2 lems ei seat 
ft Kishdnya, Coitat Seatnar, Huma 


ese et See cee 


‘it gars ab pyri the ene Cacia es 
Heteromrptite. — <j enantio mlb ntermnine ene i 
paps "Frm Anke, Went Wali Welling eine fite Min Botlae, Tumany, 


SIPIS2AN8, Ona, i prima 


Cleavage, Moro). 
G cube lntieey =e, Gm Sal. Binneatal Settee: “Witee 
SAR PDISIBLS: | Massive, G.= 674 Color leadgray. 
neces Gaarage fo0) geod, 3-4. Gube'wistgrey wi rd te 
Side Fouad on starts of Cladhamear, as 
‘Wererra. ol iS Sele cleavage. Color 
it leacl-gray. How 225, G. = 712 Gccurs at Falun, 
Sra wih quarts ao ia an. 
Beware. ‘Ge "Doubly refracting. Coloe 
lah Mictuen'seeily tarsicboe Music haste 239% Gestea ch 
= ET eal 


0 fri, in the Outlaw 
Pia scr seo ism quartz at the Ow 
MO prolli. Rlaprotholte ian omorhemble 


yikes, Bao a 
eqyeinle "Gr = 40H SR Coboe mpage" Wiktshes, Haden, snd’ cher ia 
Gomany. 


JAMESONITE. 

‘Monoclinic. Axes: @ : :¢ = 08316: 1: 0-4260, 8 = 88° 36’. mm'’* 
10 4 110 = 79°25", In acicular erystals; common in expillary forins; also 
fibrous massive, parallel or divergent; compact massive. 

a COREE, asl, perfect: Fractun, uneven, to conchidal, Britl. 

2-3, G. = 55-460. Luster metallic. Color steel-gray to dark Jead- 
Gay. Gere payin tack, Opaque. 

‘Comp. — 2PPSSbS, = Su phur 197, antimony 205, lead 508 = 100, 
‘Most varieties show a little iron (1 to 3 per cent), und some contain also silver, 
copper, and zine, 

ral tot at te orula shoud be Pt Fes SS sal Une the ual anos foe 

‘belong to the mater) alles 


wtibnite, tetrahedrit ite, ete., in quarts with siderite, 
‘betes thodocteoti: and oot. It’ pobstae that macy cccurtoees Ut have, 
‘a fumes ire of some other od eulpboreal: occuring i Slrous form. 
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Ioatitiofor ta oecurenc are: Arany-Iiia note Kosice (Kagchas or Kame), 

‘Corral 1 Eni cinema rer in oy tS, 

by ‘tivony mines in Sever Co Areatann, ad 

eatin st Fekataays (Pals Spe), Rumacia, Schemaite (Slee 
arenes ‘= . j 

Cciualovakies te the Hare Mi at Wolleberg, ee. AY Praibere 


ta En ee ragcany it oto eer Berwretan: at Ori snd sewers 
He wea eter re mt bed ito Bex il tty ho 

thle baa eo mi oe rer tr to pum 
W cetcst trn tnt eeiy isl ese iil Gm 

cite from St. Georgia, is prot ‘to be rele ‘to jemienonite. 

see Uli) peal eS a Seog urtngene, Th 3 CRE, 
Senses: OL Peet pc tke imental, Vani Switaeland in dlp 
SORES SPIGA: a ‘Probably orthorhombic. In 

j ee Fate tinct iron eirocture Cearage peer 
he rosin toe Ever City dr 


eg Abroun or rdinted. HL 


Laray., From Hesbenys, Mamanis. From 
Swoten (Gjetkit). Reported from various local 
tion int the New Hiacge, New South Wala.” Originally foun inn allver rigs 
Comal, Sinaloa, Mexico, Am argentiferous variety oocure at ‘Chituahus, 
Sasa, the Untied States in Colorado rom ner Pare} City, Ln Plas Ga and rs 
Hed Mountain and Poughkeepsie Guleh, Sao Juan Co. | Pram Deerpark, Spokaae Co. 
Washington. tu Ontarie from McElroy township (originally reported sa galenobiemtite) 
ssl frots Cobalt district. 


ie 

‘Pega beat ene reel apd spay to hen die spin 
co ue aoa 

eionsenine” BOSAgA Buse From Sehapbect inde. 

ably a mixture. 


ia eas Desealts mee es Oe UO Tateenatis cout 
I or smunular, compact. Cleavage 
(001) and (010). “H. = 25-3. G. = 5 ‘Luster metal. Color blu- 
{sh iead-eray; often covered with yellow spots from oxidation. Opaque, 
‘Stresk red-brown. 

‘Comp, — SPbS.28b8, = Sulphur 189, antimony 257, lead 65-4 = 100. 


atibaite, 
“cals 

. Pabesn, 
St; it Rhineland at Mayen it the Eifel at Obetlahr tear Altenkirchin, and at Horkanaen; 
from Th ia considerable 


D. Ortho- Division 3RS.ASS,, IRS.SbS,, ete. 
Bournonite Group. Orthorhombie. Prismstie angie 86° to 87° 


= 0-9380 = 1 : 0-869. 
e001 A O11 = $153! 
sm 001 A112 = 3°15" 
‘Twins: tw. pl. m(110), often repeated, forming cruciform and wheel 
crystals, by tafe artinonep lly sy 
Clesvage: b(O10) imperfect; a(100), (001) less distinct. Fracture sub- 
eonchoidal to uneven. Rather brittle. 'H.= 25-3. G. = 57-59. Laster 


a 

it cle pes emai ante eee oe 

In the urea attees Sore 208 gig from 
- te z comnplex “% a 


a: rad ab ; 
owe ei nah LS Mee npn trates tn mae 


Pyrargyrite Group. Rhombohedral-hemimorphie 
PYRARGYRITE. Ruby Silver Ore. Dark Red Silver Ore. 
Rhombohedral-hemimorphic. Axis: ¢ = 0-7892; 0001 A 10T1 = 42°204'. 


ee’, O1f2 A Tol2 = 42° 5 ow’, 203t A Ba = 74" 5" 
fr wl A fot = 71°22"  21BL A BEM = 35° 12 
Crystals commonly prismatic. Twins: tw. pl (1074) often in multiple 
twins; also a(1120). Also massive, 


compact. 

Cleavage: r(1011) distinct; e(6112) imperfect. Fracture conchoidal to 

uneven. Brittle H. = 25. 'G. = 577-936; 586 if pure. Luster metal- 
704 


‘Comp. — .SbS; 
178, antimony 223, silver 59.9 = 100. 
Some varieties contain small amounts 
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folder In crystals. Tn Colorado in thn Ruby district, Gunniagn Coy ete. tn, Novae 

‘abundant about Austin and at the Comstock fa considerable argounts nt the Poor: 

sete Ser yd, Oe Cay Hl ‘From the silver district of 
Nand rote xio, de, and Soropor, air, tn allusion to the color. 


PROUSTITE. Ruby Silver Ore. Light Red Silver Ore, 
Rhombobedral-hemimorphie. Axis e= 08189; 0001 / 10TL = 42°62’ 
ae ND ae wee AB CER 
” 4011 A Tol = 72° 12" H = 36" 15" 
Crystals often acute rhombohedral or scalenoheiral. ‘Twins: tw. pl. 
atlisl and rot. Also massive, compact. 

(1011) distinct. Fracture conchoidal to uneven, Brittle. 
22S" GS'ser-Sot; 347 pure, Laster adamantine. Color 
searlel-vermilion; streak kines seo inclined to aurora-red. ‘Transparent to 
translucent. Optically nega =30. «= 27. 

‘Comp. — 3Ag.8.A8S: = Sulphur 19-4, arsenic 15:2, silver 65-4 = 100. 
Pyr., ett. — Ta the cloed tube fuse easly, uni give a faint subline 
pela tha opee tobe ee fumes and a white crystalline gublimate of arsenic 


SEF iw abuts Somes aad ee os of sup eases fees 
2 kere! se mee 
ie eer ee mmc, ea Semen 
oo Ales oe cee mene 
“Marie auic Mines (Markireb), ‘France. 


‘ie, CE Chaar, Atnatna, Chil, ha may 
tent crywaa in Maio at Hatin, Chibi ten the United States fount rarely 
apm. i pata hed ny ier 


"at Red Mountain, down, Clear Creek Co. ete. In 
Fe ered the Silver City district, Owyhee Coy, Tdabo. In various localities it Nevads, 
Noted at Cobalt, Ontario. 


"Nuined after the French chemist, J, Le Prowst (1755-1825), 


5, SASS a sla of slender (nqnstne) eree 
ee POE S's Color hyseintinred. From Ardzena 
OR cnc, Sitrum oases MlnttwodTustcnay Coanarel 
Semone —245SMaSSbs, Monon Malt pail Coletta 

fol Lnteeamited light HL. = 22, Oveurn in Savon etn of Aciiresaberg allver 
Fire Mix, Germany. 
Seniocoutn —3ARs Ans | Monon tn ibn endothe tal 


sigue ego fl clare, 20 GS Ca, aS 
iufige’ and strong <x nmap aie 1s 
Fo Bren Gera SEEPS ue Fah and’ at Cabal Outara.” Autgrtc be 


Stoaivree Near pepie a componton, tn litering ane, hexagonal cr thom 


Goitermanite, — Perhaps 3PUS.AaSs. Muive,conpact, H.= 3 G: = 54, Color 
‘high graye, ail mine, Siverto, Colne. 

ey a ST Moooninie, C= 47-42. Calirtron-black, Prot Com 
inp Nts, his, (ran Cotes Ber 


ax a ICass SS 

OER, rai Pe ei epg (alenk. Front Josb- 

sustarpere, heat of em on ee, perhaps $ARi(S/Te) Bi 
‘setradyrnite nnd argealite. 


el get i te ae 
‘Sierra de Tupalpa, Jaleo, Mexico, 
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Tetrahedrite Group. Isometric-tetrabedral 
TETRAHEDRITE. Gry Copper Om, Fuhlers. 
Isometric-tetrahedral. Habit tetrahedral. Twins: tw. pl. o(111); also 
psalm OE 418 9. 184, Fog 46260) Anema; granular, 


coarse oF fine; compact, ‘an stomio structare closely 
eg ee 


wy 


Cleavage none, Fracture subconchoidal to uneven. Rather brittle. 
H.=3+. G.= 44-51, Luster metallic, often splendent. Colar between 
Hintgay and iron-black, Streak: Uke eolir, sometions inclining to Lown 

and cherry-red. ny > 272. Opaque; sometimes subtranslucent (cherry- 


zed in very thin splinter. 
‘Comp. sulphide. ‘The fundamental 


— Exentially a _coppersantimony 

foci probably 2¢uS Sin, which ‘would satisfy the structure-as de 
rived fram X-ry study. ‘The ‘analyses, however, show wide variations, 
el ee ge molecules, Pece 
an ee sien SOME sili minor sad varing: mois 
BZn,FeIS Sb. ‘and Foshog write the formula as follows, 
Su 2(Cu, Pea) 
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ts form, when by eg ak ao ractare 
pete neste vette tnaee 
‘he Uowpipe ebaracters are usally atin 
‘Ober Tethdite isthe mort como member of the mlpho-ealt group; Ris wide- 
spre oruprnen an wri ta seit 1a eormimoly found in copper a 
Soe aeeearae at eeonenaeTens it 
ey coe in cla alam depen. ts snnoely coca wih cal, 
tern prt mai cent wth the ly ver, wth elt a 
ite, dbhte hatte, uel eet 
parr beeniseof ita allver ecutent nn ore ofthat tn 


bs sr 
sb a th a ef en tie oe a “td Herault 
at sue of Pot, fade a 

ee rion Setiaend i pate to bier 
igiecoprerin you ef Coma mech ot mie st 
‘Boliapa nh Ss Paleoaye tne sebs seen Tue 

"The argentiferous ariel S paaaie sown i ally in the Freiberg district, Saxony, 
ia git teen tay. Th tea ve) i to 


in the United Sete esheets oxcur In Colorado nese Cnt teal City, Glin Cox i 
Ser ears "Argentiferous varieties oceur in Pinal Co, 


‘TENNANTITE. 


Isometric-tetrahedral, Crystals often dodecahedral. Also massive, corm: 
pact, Hi = 34. Seta Cer ach euro oe back, 
. —Isomorphous with tetrahedrite, with arsenic replacing antimony. 
Seo under tetrahedrite = 


Var. — Oiten cuttin antimony and thus grades into tetrbedsite. "The original tone 

ante om Corawal cats oly coer a In eveal babi des 
Tacalie es widely debe! ian Stabe” Woxpd a comple era rom 

the ental tay Swern hm. Fra Bator ier 

Saget crn, ctu trom Ean Smee. Prom he ari iy a 

Weal eel at wean at ty "pro Morahan “dan ere 

‘neiferun varety, soaterperde. 

Pace it eg et epee rere | 

‘States, from Butte, Montani, fron Clear Creek and Gilpin counties, ete. 


E. Basic Division 


SPLSAGSZAmS, Probably triclinie. In thip blade - 
a ieee dere ok G.= 5 ol Strenk black From 
TLacganitah quai, Blasenta, Vols, tiara 


oneghinite. — APOE», Optborhombic. In nde primatic erate; lag mae; 


oes, — AVS And, Monon Gls 
co BS Tek Cals elegans he Baba Vale Sot 
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4 Ivanis, Rutnania; ‘Silesia. minern) 
= AA Sta te tn te Pel Wie nn 
me Big. Probably monoelinie. Fibrous to platy. Toe eat 


‘Goongarite. — APS 
cleavager He = 3 G.= 738. From Lake Wester 
fron eee arta 


STEPHANITE. Brittle Silver Ore, 
Orthorhombie, Axes a:b z¢ = 0-6202 : 1: 0-6851- 


am!" 110A 110 = 64°21" ‘ai, QOL A. O21 = 68° 52" 
SOLA IO) = 47725" oo A 112 = 2345" 
a, OL A On = 425 eB, OO A 111 = 53" 9 


Baile ‘usually short prismatic or tabular) (001). ‘Twins: tw. pl. 
m(1i0), often repeated, pseudo- |. Crystals show nt times oblique 
striations on the prism faces, and because of this the 
mineral is often in the orthorhambie-hemimor- 


8 
phic class. Also mnassive, compact and disseminated. az: 


‘Cleavage: 6(010), (021) imperfect. Fracture sub- 
conehoidal to uneven, Brittle H.=2-25. G.= [Gy 


62-63, Luster metallic. Color and streak jron~ 
black. Opaque. 
‘Comp. — 5AgS.SbS; = Sulphur 163, antimony 152, silver 68:5 = 100, 


Pyr.—In the closed tube decrepitates, fuses, and after long heating gives x {sint 
miblizte of antimany oxyruiphide:” In the open tube fuses, giving off antimonial sod 
Tilghurous fuse BB on ebaseonl fuses with projection of mall particles, conta the coal 

‘Blowing te colored red from oxidized milver, and 
Tbale of metalic sliver iv obtained, “Soluble in dfute healed nitsie aid, muphut and 


epeaita other silver tinersa 
spina en, ri, ef ny af rye acters 
Beam the uP Kae formation of tbe deposi rom Gyechoslovakin in eryatala af 


‘unusual erystals from are Mie tn win ‘rom Mie, Neri near 
in, AY various in Cornwall. From Chanarco, Atacama, 
‘Chile. Ta Mexico from Zacatecas in Zacntecesy fa from Ariape. Sonora; and from 


‘ania City; Nevada alas rom the Austin, Heese Hiver, and Humboldt districts in Nevada, 
james aftr the Archduke Stephen, Mining Threetor of Austr. 


Ramed ater AS RinS Haren orthorbomie crystals closely rrarnbing thooe 
of ait mally uasite game. 2k. GO. Clot 7 From 
Se Vantnmplend, and Scions, Orch che Wom Rites, Oo. Care, 
‘Dear 
Ireand, is the wien pesos 
Goraneioers. GCuSSoAnBngTe, Ana crue, da eugrs on- 
chose factace HSA fohawk mune, Goklfield, “Nevada, ys 


crystallised. Cubio, cleavage, and 
rota Cs Color light to dark gray. fo. Colorado at 
fo Toclite in Park Co, and from Poughkeepsie Giuich Ouray Co. Noted also from 


‘istrict. Yenisai, Siberia, 
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Polybasite Group. 9R:S.AsS, 9R:S.8bS;. Monodlinic, pacudo- 
thombohedral 

POLYBASITE. 
Monoclinic. Axes a:b 1 ¢ = 17300 2 1: 15796, 8 = 90° 0’. Prismatic 
‘G0° 2". In short six-sided tabular prisms, with beveled edges; (001) 

ted | bins. ‘m(110). 

Cleavage: (001) imperfect. ture uneven. H. = 2-3. 
Col herey-red. 


eee nab fm iin titi un, ater 
take Sine els em te cae to ton 

sr aurtng toe soul, ve of wllurou ety aril umes Ae ne 
an Pe een rea ap 


onerotali ineals ae arty exci ete Yrusr aka Se oear 
E ‘Hobecine At 


(Selmoeabany Preters in ewnny at And 

Hare Mia ia Chile nt Tres Puntos, Atscasna. At many localities in. Mexico, 
aR atecan, Guanajuato, and Duratyo;, lat Crom Arape, Sonora. In the Uuited States 
eumod fall amounts i Ube aver mien of Color from near Cray, at Aspen, fn 
‘te 


ldsho st the silver mines of Owybee Co, ani elswwhere- 
ated from sokts, many, aud Adar, fase, tn allusion to the tabi charncter of the 


Comper. _oag. Ans Monoelinic, peewlothombahedral. ‘The arsenal varity 
ox papi, om Apr: Cad it Mea a Marois acl Cre, 
nd-at Nebart, Cusaile 


olarado; in 
{in the Tintie district, Ut 
JBARSSS. Ih distinct beometrivervetala, TL = 23. Gi, = 607. 
‘Wollach, Balen, Germany. Microscopic testa show thnk it ks a mixture 
‘of argentita and vetrahedrite, 


ah, 


Vouranararre, 
‘ron-blae 


Uitrabesite. — 2SPLS.AIARS3Ge8.2Sh.8, Orthorhombie, Color and streak grey 
blade Ha = & G.=6. Prom Frniberg, Saxony, 


TL. Sulpharsenates, Sulphantimonates, 


Here are ineluded a few minerals, chiefly sulpho-sslts of quintivalent 
arsenic and antimony, ‘The analyses have been variously interpreted, and 
some authors write the formulas as sulpharsenites, ete., and include these 
minerals among the groups already described. 


ENARGITE. 


Crystals tstiaily small; prismatic faces vertically striated. “Twinn: tw. 
pl G0) in tara 2 
wage: ml10) perfect; a(100), b(010) ‘distinct; '¢(001) indistinet- 
Fracture uneven, Brittle, H.~ 8.’ G. = 443-445. Luster metallic. 
Color grayish black to iron-black. Streak grayish black, Opaque, 
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Comp. —3CuS.AsS; = Sulphur 920, arsenic 19-1, copper 48% = 100. 
Antimony is often present, cf. fatnatinite. 


seria ae ed ee “aie tiie of me the opt se, ented 
eka narra Oe ey ena," Bt ge ceason tae, end 


ney ad ste; she roasted maneral with the fo 
Solute eau regis 
in itn cocurrince ut in a few Joclitien it ix found in 


instances of “erigin, favoring deposits that have been formed ear the surface, Tein 
‘eereinel lGh borates chalcoce, iecshedste,covelite, pyri sphaiert, quar, bara, 


‘sant 
i Co. ete. I 


Aegon sm eee 
eat ens 


Sulranite.—3Cv8.VSSs. Inometsio;_ in cubic erytals from Utah. Ale 
Gubie cleavage. X-ray study shows an Isometric structure, H.= 35, G. = 40. Color 
Bronce Sia tay ack" From tar Bure, Soult Atri” Al found 
near Mireur, Utah 


Rpigenite, —Porhape (CuSFeS.AsS,. Orthorbomibie. In short prism resembling 
aS Car sel groy. From boss Witcben, Balan, Geena 


‘Sulphostannates, ete. 
STANNITE. Tin Pyritee. Bell-metal Ore 
spusetrnennntapbencida Faeudo‘nometreitrahodral through twinning 
‘winning, (1) always interpenetrant with e(101) ns tw, in rant 
with twin axis to pl). sins RaRiOn rveuan ood been, 
‘Cleavage: cuble, indistinct. Fracture uneven. Brittle. H. = 3:5. G. 
= 43-4522; 4500 Zinnwald, Luster metallic, Streak blackish. “Color 
Sel gray tropa, the former when pure soetines «blah ‘varnish; 


sag’ talphontannate of copper, iron ‘and sometimes 
|SaS, = Sulphur 299, tin 27°, copper 20°6, iron 13-1 = 100. 


oun on es oa elle, t 
‘haeeoal leh i OF gives of mul 
iii dioxide ad conta the coal with tin dioxide; the roasted winera with barns 
oe retina fo neoprene yn sy nfordn Bi ml 
‘rite separation of sulphur ned tin dioxide. 

‘Obs —Stangite pecurs in tin-bearing veins associated ite, chalonpyrite, 
fetid and pte ft cota varios Otho aloe eral ielin 
‘eee pero gency of nace 
Miaiow estas From denwail ih Caronivakia Tn Coral at eal 


Rock ar 8: Apien at Cas Bre are roel in fenuiderabie amount at 6 Micha 
th, at Sten Cwynna near St, Austell and at Cantar, ee, U0 ime 
unite at een, Taamnanis. a Bolivia in eryatal fon Oruro: alo from Potont. 
ul sparagy fe the Black Hil uth Dakota. loan the aa Beh 8 
ponedly new ehiteral, losely ngreetig with stan in character from tbe Bo 


Colquechaca, Bolivin. 

Matlin a he Un rt ae ran. mie 
inde aM, Toe cei ed eGo eee ne 
ae of Cotnnan: Baltic" Come ofthe slascal alled frvenartn ae foes shoe 13 


Tecan. 
“Tealite—PRs.So8>Ortorhonbict Tn, i fx fli Teret aga cana. 

{lees mine av Froth, Sse Fou i th gr ie of ann iy Aer 

al ty rare fr re tera Praia, Bolivia. PyfeNe, or zincteal, frond 


Passat i patelly wsinebearng 
Frincleies = SPOCSSCN INNS Mexagnal of orthorhonblet_ tn tabulr 


ee Prantve’ Pures aa Honea i = 2 Pe 6'%.” Calor blackih geay 16 
se "Foubd in Bolivia at Poop Wi Oruro and at La Anus, southeast of Choeayay In 


PSUS. SS, HL = 2E% Gem 642 Luster metallic, Color 
Bilton torn meparating wider preaure Into eatiet ube or 


IV. HALOIDS.— CHLORIDES, BROMIDES, IODIDES; 
FLUORIDES 


& Asyhdrous Chlorides, Bromldes,Todides; Mwuorides. 
IL. Oxychlorides; O: 
I, Hydrous Chlorides; Hydrous Fluorides. 


‘he Fourth Clas incidos the haloida that is the compounds with the 
‘halogen elements, ehlorine, bromine, iodine, and also the less closely related 
fluorine. 


1. Anhydrous Chlorides, Bromides, fodides} Fluorides 
CALOMEL. Horn Quicksilver, 
Totragonal. Aine = 1722; OOL A 101 — 00" $2", Crystals sometimes 
tabular | (001); 
yee dbo) Saker deine. abo’ rfl. Frackare_ conch 
seat = 


1p = C482 Laster ntanantioe Color white, yellow~ 
sh gray, or ash-gray, also grayish, and yellowish white, brown, Streak pale 


Sk'Ammosise — (NHICI Bromyrite 
pxnciagc 


Ag 
Hi Todobromite (O1,Br, 
fuantajayite Ag(CLBrD) 
‘The Hazrre Guour includes the halogen compounds of the closely related 
rmelals sodium, potassium, and silver also ammoaium (NUL). They erystal- 
lize in the isometric eystem, the cubie form being the most common. 


86), but certain frregulanties in pits produced by etching have been #! 
to i Also mass 
{2 indlonte plagiohedral.gymmetry massive, 
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Cleavage: cubic, perfect. Fracture conchoidal, Rather brittle. H. = 

Five laa yallowis, feldbr ish, purpish, "At ines showe'a deop Boe 

ve bis, twa a deep blue 

” color which is usual focalised in 

explained as dt oie : 

aa duo to the pree 

noe of eollidal sodium, to a lower 

Oe 

matter, ete, rm 

ent to translucent. Soluble; taste 
saline, n= 15442. 

thermanous, 


‘Comp. — Sodium chloride, NaC 

= Chlorine 60°6, sodium 80-4 = 

100, Commonly mixed with ealeium sulphate, ealcium chloride, magnesium 

Sharda, and sometimes magneto selphate, whlch render 1 Unbe to 
wesee, 


wan ep A tin gies prea sve eoride 
‘spon ma aT r iar 
ailica gat eta 

Bil. — Biome ya my ate gs, 

‘Obs, — Common salt occurs tn extensive but Irregular ted fn rocks Of varia 
sewn, with gam, isha anby ty etait 
fier shin Bog ping sry’ hn wae che 
‘Thm dente fault hate been Toray the gradual evaporation ond ilroate drying tp 
@f endned nen of sat water. Salk Fede forthe In thle way sev ube svered 
ip ster mentary eon nerdy iced ben the ek aa th or 

salt sirata range (rom a few fort up to more thun one hundred few in thiknens and 

have been fond at deptiw of feo thotantd fect ad sore beneath rface. 

‘No oceurs ara eliimation reduct in oleate regs and i id tela ae nn orescs 
‘pon the murtac othe eran 

Ba renwal ea tetrad ummonly vara kr keer 


Cryntals cent in druser in galt bods where there haa ben oalution 
tls embeded in walt elnyn. Openings fn salt elaye new often filled ith 
Neue to the walle of the eavities 


Th Europe a large depeatt te found 
ales, Poland, ot Wille, mt Boch 
ir alt, Hal 

Tn Switzerland 

‘and at the neighboring 


hum salt 


a Iege ares fom Haga atthe hea of Caraga Laka, Tomita Cay and Canasalgs 
‘tarts Coy through Livingston Ch, alay Cine, Woe a 

‘The salt is found io beds with an average thickness of 75 foot, Dut sooietimen much thicker 
(imme intsice.325 fet) na at varie depth ro 100 0 S00 fer adr: ep, 
Increases suuthward with the dip of the strata. “The rocks belong to the Salina of 
the Upper Silurian, “Estensive depoaits of salt occur in Michigan, eilly in Saginww, Hay, 
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EgPPkR 
H 
ta 
Al 
ine 
fal 
HA 
Fy 
ti 
jr 
He 


i 
i 
i 
j 
F 


‘The atomic structure as determined by X-ray study shows 
at because of figures sylvite has Yong been con. 


normal symmetry jo 
sidered as belonging tothe plagibedal ‘Cubes, often with 
in granular erystalline masses; compact. 


n= 1490, Disthermanous. 

‘Comp, — Potassium chloride, KC1 = Chlorine 47:6, potassium 524 = 
100, Sometimes contains sodium chloride, 
te tinue op foe a ere lol to nut Se: 
The -odium ame.” Diawol 


Cerargyrite Group. Tsometric-Normal 


‘An isomorphous series of silver haloids in which silver chloride, bromide 

and iodide may mix in Proportions, The suggestion tins been made 

that the name ite ‘uz the group name and that the different 

sub-epecies be 1s follows: ite, AgCl; bromargyrite, Agi; 
¢, Ag(CI,Br); iodembolite, Ag(Cl,Br,1). 

CERARGYRITE. Horn Silver, 

Taometric. Habit cubic. The stomie structure is similar to that of halite, 
‘Twine: tw. pl o(111), Usually massive and resembling wax or horn; some- 
times columnar; often in erusts. 

‘Cleavage: none. Fracture somewhat conchoidal. Highly seetile. H. = 
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green, whitish to colorless, rarely violet-blue; on to 
t turns violet-brown, ‘Transparent. to translucent. n = 20611, 


ete. —Tn the closed tobe fuses without BB, on charcoal gives 

‘of metallio siver. Added tow boad of aait ‘previously anturated 
‘ith oxide ol copper and headed fn O.P.,teparia as inteuse axure-biue tothe Bae. nae) 
‘ble in eltese seid bat slab in animes 


‘Obs. — Corargyrite and the related minersis are usually the products of weconttary ao 
in waters 


Color to 
bright yellow 


7 Color galphrsellow, 
ea RCIART Aah gr asaoa; Berke fl New Seas Wan; Cle 


Todrite.— Ser ioe, Axl. Hexmgolhenimorphie wll tn thin plates pale 


Sc Cabot Opialy ua Pie, From Dennen, Mexico, 
fern at fuse CG = BOB a a Ae 
‘Ghutiareitlo, Chie, ‘Con, New Blexion, In eryetala from Hcoken Hil, 


‘New South Wales, 


Fluorite Group 


‘The specien here included are Fluorite, CaF;, and the rare yttrofluorite, 
and yttrocerite. 


FLUORITE or Pvon Sean 
Fsomotrie, Habit obi 


;, Jess frequently octahedral or dodecahedral; 


forms f(310), ¢(210) (fhuoroids) common; also the vicinal form {C3210 1), 
producing strintions on a(100) (Fig. 715); bexoctahedron (421) also common 
with the cube (Fig. 714), Cubie crystals sometimes grouped in parallel 
Faition to form a pmedooetaleron | Because of this tendency to frm 

grouping of minute cubes, the faces of the octahedron 
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calcium stoms arranged on 6 facecentered cubic Inttice with the fluorine 
atoms lying at the centers of the eight emall cubes of which the unit cell is 


com] see p. al. 
wage: o(111) perfect. Fracture fint-conchoidal; of compact kinds, 
. Brittle. Ho =4. G. = 3-01-$-25; 3-18 crystallized. Luster vit- 


mm m1 ns 


i 
Ve 
reous. Color white, yellow, green, rose-and erimson-red, violet-biue, sky-blue, 
‘and brown; wine-yellow, greenish blue, violet-blue, most common; red, rare. 
Calor otter varies in different partions of the same specimen, showing bands 
of different shades which lie 

parallel to the cubic planes. 
Further, the color may be 
modified by variousmesns, such 
as heat, X-rays, radium rays, 
ultra-violet light, presaure, ete. 


Streak white, " "Transparent 
—fubtranalucent. Sometimes 


by 
Pe rected Light. Same varieties phosphoresos when heated (p, 275) and 
scratched. wit shows ab- 


others. when ith a knife blade n= 14330. Often 
hotmal birefringence which varies in bands that lie parallel to the cubio 
planes. ‘This is ly due to internal tension. 


Vero—1. Ordinary; (a) sowenble or crystallised, very various tn colors; (1) brows 
$e guisaaie oo tas Dee male or sale we oti anand mead 
Seta ey tly nad sete Yo mathe en es 


Dhosphorescent light when 
py wte-— Ih the cloned be and sometimes BB. in the 
Pye ete In te decrepitaton phomhormces 


‘Binet we various metal en copra , ne. 
Stat wal aries eke Tt charcteratie of 

iy hn erring and eee seat i unalone piel sen, 
aa [Pitan in Sosentary rocks ona dlomltn nn imentonen 1 lm 
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‘tainor nocessory mineral in granite and other acid igneous rocks, Tk occurs aa a eubtimation 
Droduct in conection with voleae rocks, ei 

‘Fluceite is & common taineral snd only the rast ites for its occurrence 
can be mentioned tie are in the north of England, where it occurs ax 
‘isin oor, Chestoe Mowe, ces tn Cunard a¢ Went Danka art a Tora 

font, a 

{e's abundant in Derbyabite ned wo in Compal at Redruth, Liskeard, hepa, Mex 
Irentint, ns tmany’ 0 a. ‘Aton a mining 
inetd of Suaons at ‘Gersiort ete from Adres ee 


Hare Men. Welsendor, Watarias at Stanstertal’ Baden in Austr Rem tants aod 
Nngguu in Salat ‘From Csschoslovakia at Griben near Striegau in Silesia and at Zinn 
Titra the Goutsed raion at Cowhescr Ape Uat'et Cosme cota Boe 
Ber. ronsnou avo, inna wih telat Vets ar Rog 
oa esis iy the Ue tte ae Westarvand New a jg Trunbal 
etieut(hlorrphanel in New York at Musenlonge Lake, deffermn Co, at Macon 
{Ere Co, Yer lage sre ule at Tmt Penna os 
Court House, Virgina. Fluorite haa been mined in the United States chiefly fram western 
Kentucky anid adjacent section ta Harcin {Rosielae) and Pope court Hingie, Gears 
at Tiffin, Ohio; from near &t. Louis, Missouri; 2 Soria ek Tellee and: ‘other 
iccaltie in Catoraio In corns tanapareat crystals ron Maio Hastings Ca, Ontario, 
Uses— Ans fx ln the tasking of reels tthe manufacture of opalescent aay 
2sting cook tenn: he pensation of botany somes usa fase 
‘Smal enter 
"Yarofuerte. — Ca¥, with varying amointaof YP. (has bem shown experimental 
tha easier ens take ap afeat 00 pet oat 4) Ieooaite "Rint aortas 
‘similar to that of fluorite. In grauular inasses Imperfert octahedral cleavage. H. = 45, 
Gea "Color el, wih iow or gee shades m= 14 Fout in pep: 


petal at \Cefy. "Sen further unter yroiuerto 
® ry ‘ ne 
thove)” The anal i sail aunouuta of water. ‘Mamive desvable to 


y 
geumilae and earthy. dE 43.G, 
B= M404 -From near Fniun, Sweden, rom Busnes 
Beavis, Now York. 


Zamboninite.—Ca¥,2MgFy. Orthorkombie? In fine ralisting fibers. White. Bie 
axial, ft. Indic, Tl05-E4i1, Fibers show parallel extinction. G. = 208-600, 
Forge by tumarol aon is eevee oft af Moet Kol Et Be 

iad 


% 
Seluaite. — Magnesiuin fliorkle, MeFs. In He Cleay 
gaits, Aame cae call, Harare] ee Sees 


Se i acct ee Wie ei terme 

eal 

Cotmtnite. Len ehovde, CK. Tn scelarerytats ortuorbem te) and a nee 

Ser ‘Clea Bolt. G. = 53-58. Color white, yellow- 
PF 1" Fro “Tarapacn, Chile, 


dhe cert 
agonal prim, and miesive, Cleavage: oQONy perteet. Ht. — 4S. Ge = 818. Color 
Pale wancneioe, changing to yellowish and ret brown.’ w= Ui From ite 
Gf Pike's Peak, £1 Pao Co., Colorado (tysonite).  Fluoeerite, frotn tieat Falun and " 


‘Hydrophilite. Chlororalcite, — Calcium chloride, KCaCl. Orthorbombie? Paeydo- 
monet nualy intimately Gwianel’ “Bias Sop tabs. Tarot abeuke 
tiethgasistepe tana Gonemny. Tear eta ST one 
‘There le conn doabs ith aul oun tare ood tae setae sae 
rym character 


te. —4KCLMaCh Rhorbobedral, Yellow color: Optieally +. 
a 106, Bialydecsupraed Pond abort emai or Vetus ae 


one 
ues BARNA Winall Ie See et seme Pie 
anal cioige Ho. Ga Cola tw il or yehew a el eee 
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brown duetooxidatin. w= 160. Easily fusible, (taste. Found 
‘on exposure due to: Enaily Astringent 


in Germany at Wolkramshausen tear Ni is ‘and near Dick 
vat Ee ‘Saxony and nese 
‘cRYOLITE, 
‘Monoclinic, Axes a :b :¢ = 0:9663 ; 1 : 1-882; # = 80° 49". 
son’, 110 A 110 = 88° 2". ek OOL A Tor = 557 377. 
Gm, "OO A 110 = S97 52 ©. O01 A On = Be 14, 
er OLA 101 = 55" 2 A, 001 A LLL = 63" 18 


Crystals often cubic in aspect and grouped in parallel position; often with 
twin limelke. Massive. The atomio structure has been shown to be similar 
to that of garnet. At about 
570° C. changes to an isomet- 
rie modification, 
vince amelie pall to 
t to 
(001), m(110) and (101). 
Fracture uneven. | Brittle 
Ho= 25, G, = 295-30. 
Luster vitreous to greasy; 
somewhat pearly on e(001). 
Colorless to mnovewhite, some- 
times reddish or brownish 
to brickred or even binck. 
it to translucent. 
Optically +. Ax. pl. 1 
ae a 
be 


‘Comp. — A fluoride of sodium and aluminum, NasAlF, or 3NaF.AlV; = 
Fluorine S44, aluminum 128, sodium $28 = 100. A little iron seequi- 
oxide is sometimes present, as impurity, 


iy, ofc. — Fusible in sual fragments: fn the flame of m canta. Hested in C. 7. with 
fiver fluorine reaction. In the farcepe fuser very eaaily, coloring 


urine, 
"by ila extreme luiblity. Bgcauve of fe jow index of refraction 
‘alneral bevoinae alinwet jnviable when placid in water, Ile planen of parte 
{ng resorting cutie cleavage) aril mftnens are charnctorieti. 

ee eeu «bay Arfklion West Crecland, ot vighut (or xii, 
se La ty coca Cra uel faction peat, pana Thea” 

inn ie eta rmsen- 

hie Se Lisp our ia fanted quantity att snthoro bane of Pike's Fesk, 
EL Phso county, Colorady, north nnd weet of Salnt Peter's Dome Abo fram near M 


Ise of the white misses. 
“Use, — In tho manufacture of podium salta, certain kinds of elas snl porcelain, and tam 


zt 

wana aLiP 2AIF, Ta. eryvtale. 
centered cue structure, ‘to that of garoot. ree ea 
Gera Colorlom ot white, w= 134 “Oocur sasodated with cryolite both at 


(th the Greenland eryotive’ 
WP, Orthorhomabie In eight-aided tabular || (001). 
WV very large. 


ax ph [| (10), Xmearm B= TaHs. 2 
ph il 


"Socrptann “From tin foment the cater of Vana, Lipa 


07515. 
mon, 110 A T10 = 66° 37 we, MLA YT = 52648", 
cet, ‘OWL A OFt = 73° St 0A 11 = 36° 16). 


Commonly in sleoder prismatic crystals, vertically striated. Twins 
according to a complex Isw. (Paratacamite is twinned atacamite,) I oon- 
m8 19 —‘fused erystalline aggregates; also massive, 
fibrous or granular to compact; ag sand. 

‘Cleavage: (010) highly perfect, Frac 
ture Brittle. H. = 3-35, 
G.= 376-378. Luster adamsntine to 


‘o_ translucent. =. 

(100), X=b axis 2V= 75. p<v, 

strong. a= 1831. § = 1-861. "880. 
Comp. — CuCi,.3Cu(OH); = Chlorine 

ed 7 149, cupric oxide 558, water 


& ‘Carrs alo from Atacama | 
‘South: Africa and Rroten Hill, New Sooth 


JESS ES eee 
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ite, — 4PbCh,4Cu0)t (OHD)s5 9 formula de- 
ig es 


HIP as, netstat fm Hao, Se Bae Tove Gale 
yep oun aaaeeaten ae Tobe. from bolts 


Prewdnbedte— SPEC ACuOAH,O, “Totragonal Cnvager: (00), pecect_ aly 
ial, Hsdyo-blue color. = 208, « 20), ose 
Rec only in parallel groweh wi ‘umenstte'st Boheo, aa aes 
x ‘hn eee ble and ut the mer te 
fr sca iy bead upon ray 
the formar Pc SC shoe Tayey buen 
Se mone aa! tea oe isto arn eoataictny ent A pa 
Freairnce of erence eaten the identity of the te npecien an thelé etry 


Boleie die Sick sou0: a el tenwtie, Tene ara 
vonu-cg, "Clava it ‘inet. Indie color 

eee 20, «2 Iotonte cee, rune 2 ig te din to th 
ste it” Sex Fre de soda ‘thowe. Geuny sumelated with eure: 
Fs erisiolatg and rau hd elmer at Bold, "pear Sang 
ell Comer Calor, Mee Mase nC oar Hanns Theat, wd 


‘Broken Hil, New South Ws 

Diabelite—“EP Ott Cat Tabalur, | Cleavage Daralel (001) 
w= Bh: Ola Colo, “ight ‘Optical Bichrote, 
Bisel, BS pte Me alin cael Hour msn wes exh a: 
bodied eee Ten Hie i aie Ue, Soret, Enaland 


“Statin ner.” Ontaly — 
ene ammeter, 


coco, ght is At polos 
ea Fite Menip Hl, Someret- 


Penfieldite. — PUO.2PbCy, tie. Cleavage: (0001), Colorless to 
veh ER Sam ih Sr ly nh sn fe 


‘Fiedi SACO. Monoclinic. ‘Tabular ||, (100), Clesvager: (001), 
(100), Colores 16 white, “Optically —-" B= 210. HL = 88 G. = Prom the 
surg fond ge nt Lara, 6 


Thioratluoede, PhFC! In tabular tetragonal =~ 
rie pas 0S, kee erie 
ot er ee ere eat 


‘Paraieusoaite. THOM) Monoelinie, priamatic. | Clea 1). Color 
one. — HOH) PUCK prion es (O01), Cake 


{Spurl htop train eft ae ty 
{Sire ont tbe et ad agp a any Gee “An ren Wea 
‘Ross nane Sithney. ‘Rafacite, trom the Sais Rafael maine, Cerro Gordo, Anto- 
fap Ole sate rane 

Beadipte: ~"JE00 POC, Oberon. Jn bcos or clus amen often rll 
ated. Prumatic cleavage. HH. = 2ied, Gs m= 7-7-2. Color white. Dearly to adatuan- 
fine tater,” Ax. pl (O10), 2V = Oo", P31, “From the Mea 

Lilla ‘Fagland; a ‘sfateial thought to hnve the 


ition, Orthorhombie. 1a minute 
“hile 
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ee OT ont Mamive Defect tan goa a 
iene ee a raphy ued ‘eich ibaa ae 
Diners 3 ale oe Let gor dark 


cau Egates— MeaCegMe0; HO, | Oriineombie. Ia minute teats eyetals. Color 
B= 35. Gm 204. = x canis (O10), = 
Optically Zool) Ae oh = (OW, 


emerald green, 
Vest, a= us, y ~ 198. Foond, very sparingly te, har 
im lage boulder of 
psi a ret a ag Rt menganee ore thas fortaely eraad et 
aoe. — ‘An earthy yellowish oxychloride of biawuth From Cerra de ‘Tasna, 


locerite, —CasMgsO,F, In whit Color- 
ee sMgiOiF,, In Sette to acicular erystals, 


tack (eee eer oe aes ict 
inal : 
fete Soe 

Ep ee Sed Bice 
ee SN ei lt fhe er ce 
neato, ei, ee mains pum nice Many 
yellow darkening on ex tw black, n= 249. Volatile 

Te rite. — ClO, Monoetiee ‘Tn small etriated priematic elongated 

ean HIG Momie_ in sal dpc seal nad 


we B85 Bm BOY dispersion, 9<e. 
Il, Hydrous Chlorides, Hydrous Fluorides, ete, 

(CARNALLITE. 

Orthorhombio, Crystals rare. Commonly massive, granular, 

No distinet eloavage, Fracture conchoidal, Brittle, H.=25, G. = 
1/60, Laster shining, gray. Color milk-white, often reddish. ‘Transparent 
to translucent. Strongly phosphoreseent. Optically +. 2V = 70°. a= 
a8. B= TaI5 = 1404." Ax, pl. (010). Z= a axis. Taste bitter. 

Cog. KMgCh 610 or KCLMgCl.6H,0 = Chlorine 383, potas 
sium 14-1, magnesium 87, water 39-0 = 100, 


Dovoraares asrinted with earmallte, maid to be AKCL PECK SHO, 
‘Bischofite. — MgC1.O10. Mowootink line-granular or Rbrovs; eolotese to 
shite, T= 15, Oplically +. f= 1804. Decompaocn in alr, From  Leopolishall 


Ti Stasfar, Prosi 
Coe Ta Pec af aes Gemalto Venti ead ht. leno 
ted fanart se Vesuton aed or Mu Blas Belge 
dedte, -ARCLFeCI0. Orsorkombies “In tabu or 


‘Peeudo-octabedral 
fig m Vie Dapostossoecg, pS Pras Veruras 


Sod Etna, 
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“Mitschertichite.— 2KCLCuCl,2H,0. Minute tetragonal crystals, blue color, 
Opticall Te Pees G, = 2418, Occurs on saline ip the 
et eta 

.— CaCl 2Mg 121.0. Rhombobedral. Cleavage rhombobedral, 
ttedly = gee EO. Mam ax may lo ae 
‘Found li eslt deposits of northern Germany, at Stasfurt, Province of Saxony, oto, 


Flusilite. —AIF\ELO, Orthorhombie, In eolorleas pyramid, Hi = 
G.= 27. aio we unealr Sess Sit rei. From 


‘Greym, ear St Austell 
SGhirallatinii,~ ACLAOD. Thome Colorlom, whit, or yellowish, Op 


aan fj Hoa lo a of Vi a 
ee CaP 2ANFOH}e" ln mamocliia crystal or granular mauve, H.— 
15 Cee Sag Colon white, grayeh. Optically + me = F501, Bm 1508, > — 


4510. From Alt ‘Saxotiy; from Schlaggenwal aT mana 
Pike's Peak, Colorado; wig dite; Toole Co Utah 


nee ee TE = EMER Ofcurenos mime a for 
te 

Pe Gearkeutite, —CaFAUPOH) HO. Moooeinie. Ce aoe 
eg iin Optially pm dot 2 Gm 378. Fond ith 
{Lat he letting fr th ace Genta Colorado, nl the Ural Bi ae Sat 


seeresrtenc ete eo lay etree Warm Spring an 


‘Virginia; at Wagon W 


. *Colaciese 
Sushi hain etn ‘aim nota rom SC Petes Dotny Cale 


, Hocagnal chambatdeal. | Cloyne 
shombolelra. nm abot 153, ieftiggonce, Th = 3 tie 
ae een Ber tn hit cogmturit a ght a 
th tegen etc es al or pot wl 

Creadite. — Saou Gi pean a, soc. ia io, 
fates endintiog maces Val rely purple, HL. = eer Te 
fect cleavage, CW Enon Sree 
Insgenge. Soll ound nae Was Whee Gap, Cred 

Traut, = tn ASO, 01 od 


Hexagunal, ‘indie 
tingt thomtobedealclanvage. th commnct mame OTL Hoes Amber yeloy 
aloe.” Optically —. w= 1500. 4 = sure with pickeringite, anhydrite, 
vpnum in x breccia near Pintados, ‘Tarapacs, Chile. 


V. OXIDES 


I. Oxides of Silicon. 

IL. Oxides of the Semi-Metals; Tellurium, Arsenic, Antimony, Bismuth; 
also Molybdenum, Tungsten. 

IIL. Oxides of the Metals. 


The Firth Ciass, that of the Oxrpes, is subdivided into thres 
according to the positive clement present. The oxides of the nonatal 
scoring Uta Pot tealees but i wl be net that the com 

the relited element titanium are included with those of tho 

‘This last ts made n bye fat ht i of form 0 or 
phous with MnO; and 
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A series of compen whieh sro properly to be viewed an sali 
the the Spinel Group and a few others, convenience 
{Seluded fn thie cles = Ee 


I. Oxides of Silicon 


QUARTZ. 

Rhombohedral-trapesohedral. Axis: ¢ = 1:09007. 
i, 1OTE A HOt = 3546 sz, 100 A o1f1 = 08" 52’, 
Fey OTL A OIF = a0" 10%, fs, 1010 A 1191 = 37 8" 
‘ar, 1010 A 101 = 38 1, (ea, 1010 A 5181 = 12" 1% 


Crystals commonly prismatic, with the (1010) faces horizontally striated; 
terminated commonly by the two rhombohedrons, r(1011) and 2(01T1), 
in nearly equal development, giving the appearance of a hexagonal pyra- 


iid; when one rhombohedron predominates it isin almost all eases r, Often 
Mh double steaided pyramids or quartzoide through the equal development 
oir get ton lanl ng ha fom tet ae ca apc 
85°46’). Crystals ently distorted, when correct ntation 
Feo ean ta duawn by tie eitasona Sam. Ocvea often coke 
tated to nena form and tapering through he olay combination af 
Etccessve rhombabedrons with the prism. Oteasionally: twisted or bent. 
Frequently in radiated masses with ‘a surface of pyramids, or in druse. 
‘That quarts has a complicated atomic stractar hs been sbown by Xray 
uy.” ‘The silicon atoms lie on three interpenetrating hexagonal lattices 
oes vs ts Sha estan Siestioa Ste en ent in respect to exch 
Other, The oxygea atoms are apparently grouped in a tetrahedral manner 
Shout the aligom atoms.” ‘Tho unit cell contains three silicon atone. 


ust iu and wzpleexytal are ober et banded, 
rie cee Pe a8) eg gl pyran CTD pn to ght 


“ 
cafe or ow and high tempernare quartz equate 
feria ufo a tna belo 
Hictabdral nd format St tempers ° 
Se ital. “pamurts shows charsctenaaly roquar hexagonal bipyramids 
ordinate yr face. ‘Twinning 00 r(UOLL) Mr charcterte of 3 


‘rth oF without & 
Mars, Teinsing with paral axe ie very common in e-quarts bat of no importance 
varie. Seray sly hors close eimlanty in structure between a~ and The 
tryst angen Change with inerease of tamperature up tf S734, the Inversion 
font to Pequactz, while beyond this point tbay remain nearly conan. ‘Ths temperature 
SF nveeson from euarts to Thus best thuwn ta ae with increase of premare. In 
safer manner al the poine ers a andes, marked lowering of the refractive indices 
find bref Ppoenatitos mh the & 


Speier ea ineac na ence a eee te 
cation ia fund te grat , ra a 
‘when heated to about 1470" paases over into ‘Qurs, idytee nd cristae 
tre probably to be considered as polymers, at 
‘Twins: (1) tw. axis, all axes parallel. (2) Tw. pl. a, sometimes called 

the Brazil lav, usually as irregular penetration-twins (Fig. 727). (3) Tw. pl 
(1122), eantoct-twing, the axes eronsing at anglos of #4° 39" ancl with a prism 
face in'common to the two individuals, (4) Tw. pl. r(1011). See further 
p. 190 and Figs. 453-455. Massive forms common and in great variety, 
ing from the coarse or fine granular and erystalline kinds to those whiolt sre 
flint-like ar eryptocrystalline, Sometimes mammillary, stslactitio, snd in 
concretionary forma; 1s sind. a 
(ost at a(t), developed by cudden soon after bong hese (an Ar 
2(0111) and mi , i it (seo Art 
eg aniice conchoidal to scoala 
in lied forms, uneven to apli 
4ome massive kinds. Brittle to tough. = 
7. G, = 2653-2660 in erystals; eryptocrys 
talline forms somewhat lower (to 2-60) if pure, 
but impure massive forms (¢.g., jasper) higher, 
Luster vitreous, sometimes greasy; splendent, 
to nearly dull! Colorless when pure; often 
various shades of yellow, red, brown,” green, 
blue, black. while, of pure, varieties; 
if impure, often the sume na the color, but rauch 
paler, ‘Tinnsparent.to opaque. 


showing Airy’s spirals in the polariscope (cf. Art. 402, p. 295, and Fig. 727). 

Refractive indices 
for the D line, w = 154418, « = 1°55328; also rotat power for section 
‘of 1 thickness, « = 21-71" (D line). Pyroelectrio; clectrie by pret 


472 DESCRIPTIVE AINEHALOGY 
Ira or plawoelbatite: Boo Arte, 60, 4Rt: Cn etehiing frog ce’ Art: 90; 


Comp. — Silica, o silicon dioxide, SiO, = Oxygen 584, silloon 46°7 = 100, 
fn mumive yftionoten iz with a Ute opal acs vottin contat 
ond ng ce patent ye 
> Siaead ot 70 fons pele opting dented a 
have bean ¢ tenpentars below maining daelved alice 
Sib fees (ar of planta ince anal ai, 
faeahs cary {ian haters Be Cxrerocereat- 
“hae i lay iron ut, a ving alin 


Sein and Oy ea in ss ipirlcoris S Unaa ene the tn al es 
ct genta an ro et 
finde Op of apenas ngntaysuccesive layers are unsjualy eroded. 


A. Punsocmrmratians on Virnxoos Vannes 
eck Cryst. — Colorless quarts, or naarly so, whether in dee 
ae te Hore baloug the Dristal dlamaaia Lake George distance Breallan 
Semevariatin ron the common ye ae a) cavern) 
iss rat of all ti 


¢ diamatral planes. 
inchision of mubacroseoqse needles of eutie other mineral arasiged In poralel ori= 
eee Amethyst. — Clear pitrple, or bluish violet. Calor perhape dun to man- 
gf pink, but, becoming paler on. exromire, Commonly tamive, 


Pe ge nl ar ay ST 
eee co mgr ito Bad Se 


Bo Cerrrocermanuna Vannes 


Clem. Hang he latency of es 0d in apa trent 
,ebebel caer in goa te ls dark-brown, black Als) of 
‘and oF ling eave tn rks, pepe 
Sica’ "The thermal study of halcedmy bas shown difference ram unseat it hea foen 
Seaxoted that t constitutes distinct apie, but thew difference tay be due tothe rw 
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of a. amall amount of of ‘The name: in to nodules of chaleedony con~ 
{Sie Sete tin etme de heel a 


um fin the 
(erpeniietlar to the eauis [opposite to the unl rkentatlon of chaleadony Aber) and show 
Teg snag nt Ine Ui a eed ee 

Glenn Sank — A dn re stleony, pl 1 deep i ade ‘also brownish red 
to lxown. 


tan et get ed spree Te of oa” 
SSeatially, si " ‘a 
A variegated chuleedony... ‘The colors are either (0) i; or (t 

sai ese uns rai,hias Era noe 

ithe forms, as of manganese oxide, distributed 1 the nase. The bands are 

wi, pale sd aso, Hah al her shades ‘hey a0 


‘ke te ‘of layer different colors, whiten black, whit and 
ee ot he Landing seighs and hen se for 


al of dll eo 
Peja skiush from mists ith 
listening, mibitreoos Breaks 
“Th hint of ve halle forma 


tina 
He oats ae ate ele woul carvontonen mater Fd Gnpesens 


‘ie colors in bron stripes. ' Porcelain jayper io 
‘hag BB ftbe on the alge 


©, Besides the nbove there are alpo: 


n Quurt-ock, or Querete. — A. rock consisting of quarts gro 
seedy” tomate” Re"peany leg hurily dite, Guarcore Sunda, Ouartone 


an gr tf sion Buran 
‘Resi yo fang he nue ft a coe en -sigs 
a Quarts pes eso unr the forma of many othe seal 
ce eplacement of 
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‘The most common quarts peeudotnorphs are those of oaleite, barte, fluotite, and 
ioe, Gee coor ts 
Schall a tes sass pitas acercly someting faned aos 


coarring fased quartz se flutes and 
the sie eater et af Wiles, zon, 


writ ef ‘iaacted upon by nal of poe Tisha We tee 
freemen fate Seth rigte 
tore ac, an only alighty acted open a nn Mf Em commie Haken te eee 


yraiuoie seid. "Whee 
Shanta eves pain ing. <2 etn eee 


‘cryeals by Iustr, and abennoe of cleavage; 
st eer y rao any sciabetil pact 


aire rere Tock sections by ite Jow refraction ("Jow relief" p. 235) 

and Jo (og = 8.000); the interference oles i ip goo met ok ing 

Hovey first order sb by itary ag the poate nasil 

ty hana od told), wed rai oar when eee bares 

tn tin nnn with ryea oston (pombyny, ee), 

‘01 cat on of range a granlie, granito- 
and rhyolite in the granite group in uch rocks it comma 

Tass filling the interstices batweed the feldepar, as the last product 

rte it ian eet contig wartrcacie 

soe cats te ae esses 2 the peri ron 

{seer ln a acewsy ater feldspathic ro 

fe rocks it ia an eeventin! com 


‘quatta ural in a frnenvental sande 
Be ee een oes eer 
fea with lke orien ‘at tha’ cerca 
‘snd tencec ttn ecksf the eanb'vcrant hem seed sr 


fom Yorn, see 
al eatesbdtyay ia Berek Coteaiin and ul Pokar naar Rage de Ae ka Trans 


Vania, Rumania’ Ia France foe la. erywais came from the mine 4) Gaedetta, near 
= nd fine erytais come from Frizington, Cleator 
Tanilaiie, Sots 


‘Cumberland. saris from (3 
ia the Mora Min Hela ina chalodony atc vi 
Era ‘arin new Hater, Ul Min 

‘ad 


ie adas, taba: from Gey mea 
und Minas ‘also f 


Eesha 

Si es oh ed Su hth li Jo Mae pe 

area tel, efecrgt cree 

INERT ll a ce oa eh Prana 
embedded ia eee earth See eats Dm Pee ond eae ot in Lorre 

ioc emcs cid aarti eoae mean 

CLibeweee Cae An North Gusta Revipmiiea cfio ete een 

‘coeur io Alexander nnd Lincoln eouitien, ele. Beatstiful ites coabcog oar a 


grin Sa. tee, comes Keuken ee 
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Soe SR a ea ga fm he eo 
‘arnethy Pipestone Creek, 


Can Agatha 
ak a or Myton amet ao coe rom tbe Tae Hay 
‘Sit a Lake Spr fs Guar 


Hexagonal \do-hexagonal. Axis _c = 1:6530. Crystals usually. 
r—esdine kepmars also united in fan-shaped 


u 


Tami mnt ator yar 
snolifeations of trdyalte with inversion pat between 177 an 165" C. Th low ten 
ie fora ecules har an orhartonlae bracts i hi temperate form, 


ion closely 

‘as the result of X-ray study. 

ote, — Like, ‘But eoluble in eodiura carbonate. 

‘Obs: — Ovcurs ellely ty acidic volcano hyolite, tracts, andesite, lparity 
sully egy sweated wih 


le 
tl 
ers 
a 


soe Psceg ord droses ey 

wr Pecks, Mes ee ‘athe 

fy etated. Ts fe tracy of the Hel ea Cea 
Tien cher hays Pay Capon (Mo Di, Hane 

fe iy a Pa ue Malan tr eit nen ce 

ty nti ul Veuownione' Par.’ Ith ante of ME, ser, 


= os eee ee trillings. 
oan eet eee eee ee 
Sc ee ae eae eee 


hte 
cisternae re sero 


0 Cy tT rae "fanaa Co 
Kho nota TA Ineaat Mayen, Hinelaod, Germany, and fu metenrtes.” ar thermal rela 
ions to quarts aud tridyiite we under quarts, p. 471. 


Mosavormaonrre..-In minute cubes 
sen aa = See nieecesutes ove the ip pir ae 


OPAL. 


‘Amorphous (colloidal), Massive: ometimes small reniform, stalactitic, 
or large tuberose. Frequently pecudomorphous after other minerals. Alen 


Cotchoidal froture, H.= 55-65, G. = 19-23; when pure 21-22, 
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‘Luster vitreous, frequently subvitreous; often inclining to resinous, and 
somotimee to pearly. Color white, yellow, red, brown, greon, gray, blue, gen- 
erally pale; dark colors arise from foreign admixtures; sametimes ' rick 
of colors, or different colors by refracted and reflected light, Streak white, 
‘Transparent to nearly opaque. n = 1:43. 

Often shows double refraction similar to that observed in colloidal substances due to: 
tension. The cauae of the play of color in the precious opal was investigated by Brewnter, 


Comp. — Silica, like quarts, with & varying amount of water, SiO,nH.O. 
small with a maximum about 10 


er cant. 

‘The opal condition is ona of lower depres of arinom and specific gravity, and, a 
geoarally cabo ion, he waler present ution ted 18 
eel fae faa ee a 
Angst od latina ly Frnt np 

Sjar = Pretioue Opal. Eslibita& pny of deen colors 

Piven rivaclaiceed ts tang yor ollery whi Brelibe relletioen; semeviat 
“Girnsol—~ Blalah white, translucent, 


Ceecras Opat atte pes caabinets eo) mabenst eatowtate te et yale, 
Corman Ofek — fret) loyal eal whit too 7 
lulshy (6) Resuropal, wax, honey- to coher-yellow, with a reeinous luster: (et dull olive 
Fees hn noma (e) bcka Feud Styl ) Hyerphng Vasey 
we Guctelmg, — Operon, bah whitm pireelin-etite, pale yellowish or reddish 

Gpatapete — hes mt tg Aalto sas of ler 


Tn coneretionary forma; "opaque dll rs 

[eon Opal arper.— Opal eoalalaing some Jelow rn ode and other np, 
snd he the oar toh he te fe atte 

Tints sealer Chem Cllt"en lam mai colocinn, cnattating globular eonare- 


‘tions, and crusts with » globular or botryoidal surface; also into translucent, 

Silla “ia rothly Goeclved in eatwtaltaleg thea other aritier = 
Panter ‘pau, 

Aura, porous, to fsa texture, somata burt & Msn as 

Sipualy br iter (hen called Paar’); depoatod fromthe olsen whee of hot 

+P cipiarite. — Cinatibiten concrelicnary ‘depokits shout. the ere of the Yellowatane 


Park, seaielel 00 Be Zealand, presenting white or y ru, wtalactitic, filo 
Se forma, tan of promt esty7 ahs concatenate 
Floai-sime.——In, light porous concrtionsry mines, white or grayish, sometimes 


cavernous, rough in fracture. 
“Trivaue — Pormeed fromthe slicsous wll of datorn (hence ealed distil) and 


ther tlerecople apocim ni occuring in extenave peas. Includes Tofucriad Rare 
» ar loking offen un ora 
een oe C oki often ke a earthy Lok abet 


‘las wt 

ytd inflble tnt becumen Some yellow v 
tin 6 oll hydra teil somes Sore foelly 
than ‘ore ready iu mane varied 


‘Obs.— Opal is 9 non-crystalline, colloidal aubstance to the of the 
aime otaten sr ee ine pogo 
Soares On pean are eal 


‘Rnd in Queretaro, Gem opal, nften of “black opal.” type, comes from Hambol 

Nevada. Zfvite aoure Ino sf, Mic (vali in Heber, Caehalocaia 
irom Graiag, Honduras; San Lais Potosi, Mexico; from Tate-vamay 
‘mop, Beith Colman” Silcnus ier or eye i foi in gana wih ey 


‘at Yellowstone Park, Wyorigy at Steamboat Springs, Nevaday 
Tella Sty Pea "Connon open Poy wiped isin correc 


Areca, Arsenle trixie, ANO}. To loaetrieoctabedrona in ruts and earthy. 
Simvare Calne oe wile eat HTS) wtih. A TAS 


}», but monoclinic in ic Tn thin plates, 10), Cleave 
ee rer ee en ties Ae! (610, Ont 


: ae, eee 
Gf elt atk taker adc a oe 


ica ee RE tsetse ona 
gamise nenive HN 3G. = a. Coram grayish. on = D087. Bormed by the 
‘kdsthm of site ad other antimony minerals” Found a orga asonts, either atv 


cite ats as See 

He cea crate eh rrr aces 
entetemie els Cupee 

ive Oey ok Sg 

‘blue light, almest uniaxial for yellow light. a = 218, 

itimony minerals. Occurs itt 


nti hexagram 


Secny ri 
aeloay et Gokuncberg nod anne 


=2. 
tol 


eee aes Wesel ck rat Saas BG prove i Sorhate thw epson 
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WO. H,O; the same oom tion as the colloidal meymacit ip iene Sine SANS 
noe ee meer oe 
se? Sesh Tae wae 
FI wih volt ete Novem Coons ceariag ee coal are: 
ior 

RN IER cscs aa cnt ati int Hoh baal De 
Soares Seer eee 

En oi Seen, ea an ee 


ib overly ite-at Pulni in the Kinta Diatrct of Perak, Malay States 
deposit overlying af 


“variable, 
‘ne an alteration wet of ait ie Tn Spear at Cervantes ts Lagy and elsewliere. 
Found Corowa so iocalities in Vietorin, Australia, From 

Erno. gy Meso i Tai Potosi ae peeudomorphs after stibnite, leo from 


io, rahe espn 
on Cn i ln ma eens "me li, Mae 
pe eg nn Ron ee hn 
‘wt Altar, Sonora, ‘rom the Exopire district, Nevada, 


TH. Oxides of the Metals 
A. Axmypnovs Oxmes 


1. Protoxides, R,O and RO. 
IL. Sesquioxides, Ris. 


I, Intermediate, RIO, or RO.R,O,, eto. 
IV. Dioxides, RO: 


ano Ts Atiyrtous Oxides include, as shown above, three distinet divisions 
the Sesquioxides nd the Dioxides, ‘The remniningg Inter” 

metute Divista enivestes naar el ge conpaicis whims 

to be regarded chemically ns salts of certain acids (aluminates,ferraton, ete 

here is included the well-charncterized Srixet. Grove. 

‘the Protoxides the distinct ip ie the Pentciase Guovp, 
which includes the rare species Perclaee, Sta, Manganosite, MnO, and 
Bunsenite, NiO. All of these are peers in crystallization. 

‘The Sésquioxides incinde the well-characterized Heuatrre Guovr, R,O3. 
‘The Dioxides include the prominent Rurma Gnovr, RO, Both of these 
groups sre further defined later, 


Ieometric-plagiohedral, Commonly in ootahedrons; also in cubes and 
rons, often highly modified.  Plagiobedral foes eometimes distinet 
(cc p. 87), X-ray study shows an atomic structure with normal 


feo foieate normal symmetry. cor eeeyrpet ipl ited 


OXIDES: 479 


Sane gn Interrupted.  Frasture canchoidal, uneven, Brittle, 

$54 G. aulamantine or submetallic to earthy. 
Carr of Sats side, ratisulany cochinea-red, sometimes alm 

bblnck; occasionally eri by transmitted light. 

Streak sverl sas of bromash ra siing | oe 

sn) to subtrunsiucent, Refractive index, 


Comp. — Cuprous oxide, Cuz0 = = Ose 21% compen 888 100 
sor eg ea ath deed At ta fue tod ola 
eat ot th 
‘With the fluxes fom satis (oe ‘Soluble. Snot hydrochlorio 
Sad Greer nies a apved with cold water yiella « heayy, while 
eco ete 
from hematite by inferior ‘but ig hander than clonal 
seul eae fers {rom thems la the color of the .; reactions for copper, B.B., 
pce 
‘Obs. — Cuprite ts of secon: formed tomar during the oxidation and 
pe ete Regt gi “s 
with the ore sleet cece wana aa ee eae 
Soci Lt ee ae Native oper | 
Sain Sid Sis Ml pects Aes mein om 
teat 


ate cope, malachite, 
Sp quteccomtzum and widenpred i oewurrnee, Sonn ofS nope notable 


locales fllos From NihoeTogck ant Fa ‘Perm, from neue 
Rheinbreitbnch (chalootrichite), i; in sometimes at inch in di- 
Ie Cama ee hom en Een eral un ray ert 
Yosinchta in Cor trsspare fae St, Day, fot 
FEL aM tts and trary, om See Bley (catered etm South Aciralia 
Iron Etiwanda Broken Hy New ath Wale”, Balin ak Coron, 
1S"baet ty Chile in fine rytale from Aniacall, south of Coyulmbo, aad i 
‘ochantite fram CHogsleamata norte of hrion foal ak 
org iat en a ey beat hal 
tonne tr Meme. leo fom the 


Globe district; "from Jerome; and in 

ar From Del Norte Ce., California, 
Js0.— A\n ate of copper. 
Te, HO. own Jn ix mow 5 leo 

Bens lenny | asulinsy ko craved mow erystals; also coating 


vie on 
oe ule fara, Goes pea weer emer Perm coming ink nS 
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Bunsesite, —Nikel potocda, NiO, HL = 5, Gh = 6488. In soeen octabe 
drop 225,» rn hanna Spon. 

col atl bent otal Yew stints one Po, hs iia Capi 
Stedinim. "Alto formed aetBaly. 


ZINCITE, Red Oxido of Zine. 


Hexsgonal-homimornhie, Axis ¢= 15870. Natural erytals rare (Fi 
44, p. 23); usually folisted massive, or in eonrse particles and graina; also 
with granular structure, ‘The atomic structure is closely related to Sy of 
greenockite and wurtzite. 
Cleavage: (0001) perfect; prismatic, sometimes distinet. Fracture sub- 
foothoidal Brita Hs 4-45. 64-57, Toler badnmaating 
Sina orangealoe, Golot ed, also orangeyellow,, The colo is 
to bo due to the presence of manganese oxide,” Translucent to 
pend Optically +. w = 2013, « = 2029, 
Zine oxide, Za = Oxygen 197, xine 80% = 100, Mange 
nese protoxide is commonly present in varying small amounts. 
ry BB. infusible; with the fh con the platinum, wi ven 
nonaens ad Ss, UP eivr a coating ef ine unto sie wl ot 6d 
To geai,titcond with coalt solution tid treated in OFF, as 
erised by its eolor, particularly that of tha streak; by cleavage; by 


tat 
recip Bi 
‘Astil, —Zincite is often formed a4 furnace produyt, It is also produced when sine 
cgi mead wnt vapor not up lie at rea 
‘Obs. —-Oceurn in large amounta with franklinite and willemite, at Sterling Hill nea 
Palenaborg and at Mine Hi Franklin Furnace, Sues Co. New Jersey, sometimes io 
lamar gece in pink colette! Hun been, roported from Oils in Kisieg, Poland: from 
Hiatt ‘Almeria, Spain 


ese Tena on 
Het Sa een, ey ur fn Hudawod ane 
Hexapoal 0, = 8057. Th = : 
Whit™Scaur wih reedanierite si gana an ers 


5 Fett 
a ae a a eg 
‘voleanis regions, s# ot Vesuvius and Etna; also ne = black earthy material (melaconite) 
even te at various fea in Canta Fo, 
Fearn: Spas, Cpereali re the: ates Bates at “Pity, bs ati 
er De ie yy oop ey eg elope 


Eatmatnakie, 
eal 
stg ong Sree op ie Ba a 
soe Shen a iy iid Eyal” Ces 
ati to tee Cabral hak ees ee Ee eS 
Fn Pug) PEGs, "Veladie Found nt Temiagny Fase yaaa 


e 
Corundum — ALiOs 13630 
Hematite Fey: 13056 
Iimenite (Fe, Mg)0. 13816 
Byrpranite M010, 2 
in! i 
Geikielite Mg0.Ti0; - 1370 


‘The Hxaarere Gnove embracos the sexquloxides of aluminum snd iron 
"These compounds crystallize in the shoml ‘lass, hexagonal eystem, 
with a fundamental rhomnbohedron differing but little im angle from n cube, 
Both the minerals belonging here, Hematite and Corundum, are hard. 

‘To these species the titanates of iron, magnesium, and ranese, Iknenite, 
Senaite, Pyrophanite, and Geikielite, are closely related in form though be 
Ionging to the tri-rhorabohedral class (phenacite type), and in atomic structure, 
Tris to be noted, further, that hematite often contains titanium, and an artt- 
ficial Isomorphotis compound, Ti:Os, has been described. Hence the ground 
for writing the formula of ilmenite’ (Fe,T¥),0s, 8 is dane by some authors. 


[tis shown by Penfield, however, that the formuls (Fe,Mg)TiO, is more 
correct. For other titanates see p. 688, 
cORUNDUM. 
Rhombohedral, Axis ¢ = 13630. 
ex, 0001 A 1071 = 57" 34 mn’, A 34s = 51° 55'. 


‘Aisi = 577 384 


Dont A gas = Gi ; 
we ton A Fiat = 95 Sail A B40 = BS" 55" 


‘Twins! tw. pl. r(10T1), sometimes penetration-twins; often potrarntiaie 

and. ine producing  latninuted structure. Crystals usually roweh and 

Founded. ‘Aleo massive, with nearly rectangular parting or pseudo-cleavage; 
wat cc 


A A) 
WW = 


sgl comme or Ging. Xray sly shows 8 complicated atomic structure. 
Fhe tire ean bo liken 3 shforan Fh rata in whch the tro 
ferent atoms are by enantiomor A groups. 

Parting: c(O001), sometimes perfect, but interrupted; also r(2001) due 
to trinnigg, often prominent; (1120) Jess distinet. Fracture uneven 


uncolored. Dichroic i colored varieties, ‘Transparent to trans 
Invent, Normally tiniaxial ae tive; for sapphire w = 1-7076 to 1-7682 and 
«= 17504 to 17308. Often abnormally bissial 


Fouenl: tereape exane 
tural miner, Serco 
ara latent eon mel 
Sal tana “ALOh fas tats to et te foe eran tee a see an 
eS ees eR waahienls om teased Bee Net NT thers fo 
fete Kanaan slomly font 

lens ian, whi is clare het fen fren ony acta See 3 aoa a ee 
srerce’ nner after lng hating wth cbs aston, giva's Peat tne ae 
ier i ae tg oh ei’ es i 


|. — Charsctarized by itr hardness (scratching quarts and topaz), by ite adam 
so, Sot sr thn es rel ote 
ser lereentaies pape rome 

pies a ace eee 


ence colors, 
‘be. Unully covus oan uecemory mineral in erytallie rocks, aa grail me 
ge oF aed aie att eine a The smosiated ‘mineral Shien 
a ae Re Rana eee eed 
toarmaline, 1, kyanite, isapore, and & series of aluminoue mit in 
Soin Pan tl ine en ei ne 


‘containing high percentages of alumina. In tbe Ural Mts. ate fous ne aceiaee ee 
Cnntaleing nearly 60 pee eeut of corutiluto, a sorusdum syentte Witt 1k par et nea 
ts with 35 pe cont. A corundum anorthite sat Sect oes as ek 
Froportant depose of eorauuin In Sorth Carclina us George are soci 

figo sapphires ary 

prima of is rlled 
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lar, botryoidal, and stalactitie shapes; also Lamellar, lamine joined paral. 
Te ee stalouny bash Sisk Gethin; nln granny file, earthy 


compact. 
Basting: e{0001), due to lamellar structure; also r(I0Tt), caused by twin- 
ning. Fracture subconchaidal to uneven. Brittle in compact forms; elastic 


in thin lamine; soft and unctuous in some loosely adherent sealy varieties. 
H. = 55-65. G. = 40-53; of orystals mostly 5°20-$°25; of some compact, 
times dull, Color dark st or iron-black; in very 

red by transmitted light; when earthy, 
Drown. Opaque, except when in very thin lamin, 


prealar. Laster tuetallc, and erystle often splendent, wbenee tho name 
iiss Ui etctara W aiaiel’or issouvns tow ore allel netaearen 


Colonna 
to:metallics color brownith re to tron-black. Semetivoes eile rod hema, ta catrat i 
‘wih noni and ture, Often in refory sasen wth soot fracture, ‘called bidtney ore. 


ny 
Tete atc, Arplleous hemalie, Moe, teowniah bine, to, redlah Deota, 

eon raj ef mabsnetaie to honmetalieIusier; and affording, Hike all the 
[aero a redatreak. It consists of oxide of iran with clay or sand, and poretimes other 


Comp. — Iron sesquioxide, FO; = Oxygen 80, iron 70= 100, Some- 
times contains titanium and magnesinm, and is thus closely related to ilmenite, 


a¢ a high senate: ln by the etl of heated at acl hyrohlri= end wpe rn. 
Hla hat been yt fem varie ‘agmaa, Which must little 
‘oF b9 ferrous 


‘Os. — Hemutite ie formed in various ways and ia found in rocks ofall ngex. Th oscars 


SERRE Tintal unon inva’ ik te robabig” procuoed ty’ tie scloat of whier wecee 
"Flemtive se fou nom Wt of neo rat ly 


‘renin, yeniten, rachy ea, andleaien te At tmen itis of pmeurantlytie origi 
Scam in geueios er pepnsitek Tt als occe fn ths satanic rocky ot Uses 
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ILMENITE of Mexaccaxrra Titanic Trou Ore 
‘Trithombohedral; Axis ¢ = 13846. 


Sout A Hot Be a 
Be onnk A 2243 = BS 
Crystals usually thick tsbular; also acute thombobedral. Often in thin 
plates or lamin. Massive, compact; in embedded grains, also loose as sand. 
dee ata ranks i ses 
to that of corundum, 
viding one-half of the laiter’s 


40 
i= 2 PN it ts be roplaced bp Fa 
CAS GDI: 


black. testa, gd Ui to Erorsah role Opaque 
Streak submetallic, to brownis que. Influ 
‘ences slightly the magnetie needle. 

Comp. — If normal, FeTiO, or Fe0,Ti0, = Oxygen 316, titanium 31 
iron 868 = 100, Sométimes written (Fe,T¥):0s, but probably to be 
‘as an iron titanate, Sometimes also contains magnesium (oeerosivonaie), 

acing the ferrous iron; henee the formula (Fe Mg) (Ben 
field). (Compare geikielite, p. 487.) variations in composition shown by 
‘analyses are in patt, at least, explained by the fact that specimens often show 
regular intergrowth of amelie of hematite or magnetite, in & manner analo~ 
{gous to the perthitic intergrowth of the feldspars. 

Pye, ote. — RB. Infuse in OW, although slyly rune on the igs in. RE 
With bene kad salt of phosphorus reatte for io ie D.F, aod with the later 
Brits bene a elo herr clot iu ef terete with i on thro changes 


Ssaieee Merce elt he ae a aS 
omer ering ait rans 
Ei ee hasn rma testy bck, ready not mngnetie 


ike mentite. 
faa sccemnry component, kn tinny types of Igneos rocks, mmurning 
Oe ot samen» in miro Ph ow of tas een cant 


fad dint 


the neti deat of on alo Now York Ii Found n.d 
re suadierale ste nthe rock of che Grenville nerier in Quebee especially at 
Sand ia the Senory of St. Franei, Teauce Co. ‘ 


eel mnscive rocks i extencively altered to a dull white. wubetance, 
‘ealled leucozene try Girnbel, ‘This for the mont is to be identified with Htanite: 
Sete tesa roOTD Totem Gem gta 

‘the diamond 


III. Intermediate Oxides 


‘The species here included are retained among the oxides, although chem- 
ically considered they are properly oxygen-stlts, aluminates, ferrates, mai 
‘nates, ete., and hence in o strict classification to be placed in section 5 of 
Oxygerralts.. The one wellcharactorized group is the Spinel Group. 


204 0 ROBO, Isometric 


Spinel Group, 
‘Aluminum Spinels 

jinel Wioeaon 

Ceslonite, leona, ferr-pootite,  (MioFe)0.(ALFe}Oy 

Magnesiochromite, picotite (Mg, Fe)0.(AL,Cr):03 
Hercynite FeO.ALO, 

Picotite (FaMMp)0,(AIFohOs 

Chromohereynite FeG.(AL,Cr)s0y 
oes eee 

luite, Kreittonite 0, Mg,.Fe,Mn)O. 
Galaiite ” (ria reate)O AF oO 
‘Iron Spinels 

‘Magnetite FeO.FesOs 
Maenesioterrite (Mg, Fe)0.FeOs 
Franklinite (ree vo eat. 
‘Jacobsite ‘Mn,Mg)O.(Fe,Mn)sO; 
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Chromium Spinet 
Chromite Fe0.CrO 
(Fe, Mg)0.(Cr,Fe):O 
The ‘ies of the Spinel Group are characterized by isometrio crystalli- 
tation, and, farther, the octahodot i or ia sears os ray 


studies show that the members of the Spinel Group have the same isometric 
aomnie structure. ‘This same stricture is ahown by a number of ariifial 

ids having the sume type of chemical molecule as well as by the min- 
tral finnaite (ef. p- 480). For spinel the structure may be deseribed as having 
the O atoms arranged ons face-centered cubie lattice, with the Mg atoms 
lying in the center of tetrahedral groups of four O atoms while the Al atoms 
sre each surrounded by a group of six O atoms, All of the species are hard 
those with nonmetallic luster up to 7°5-8, the others from 55-65. 

SPINEL, 


Tomei Usually in otabodrons, eometines with dodeeshedraltrunea- 

thong, esa ube: pl. and comp, face o(111) common 
742), hence often called a 

tieins; also repeated and polysyn- 


thetic, producing tw. lamelle. 
Gleavage: o(111) imperfect, 
Fracture conchoidal, Brittle. H. 
as G.= 35-41, Luster vit- 
endent to nearly dull. 
\ Sa ie of various shades, pase 
ing into blue, green, yellow, brown 
and. black; " oocas almost 


ent. to nearly opaque. Refractive index: n variable with composition, 
1-7155-2°00. 

Comp.— Magnesium aluminate, MgALO. or MgO.ALO; = Alumina 
71:8, magnesia 282 = 100. ‘The magnesium may be in part replaced by 
ferrous iron or manganese, and the aluminum by ferrig iron and chromium. 

Vas. — Ru Sos ue Magnesia Spinel — Chae rao tea 
lucent sometinen jubtranalucest CG. ~ 2463-871, "Compontion 


id rele. 
rea or Plame, Tro Mognenta 5 Cola dark pee, bron to blaky 


sort oF heatly 00) On S830. 
frente gota eutite, hen the fsa Bag. peere eet 
ieee ina ben alder) 


frei aR 
eee eee ene 
BS 


mice ita ta roti a be me cai 
Pence cer cece eee 
Te Ee a mead Tore, ae ca eT ions bae 
Dee Seer a ese caer 
‘Micro. — In thin section shows fight color and high relief, Inotropic. 
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the 


‘Ati, — Artifiril mpinel eretala may’ be obtained from 
suse fo crt re" ao Tors fy oft ines of 
HF shane halo ees Mati pts abut 185" 

ill ese vaso cr : 
pines are eed “They ofter contain an excess of ALO, la oll salntion. 
Pape Bpindl Sew trequcny ery aa oled the geen 


itsceur eben raular meron oe ttn are 
dsociated with ehondrelite. Spinel (comunon spinel, also pleonsste, plcotite, 
afte) oours as an ituent in. many basie rocks, expecially ‘hott the 
Sotile poup: ts formation the ron mh oft ceaallanton of maria ry 
igh it ragoniy od etaning ain” ‘Snob muy persis bale net 
Absent, feldspars cannot form, sud the ALO, present est form sither spinel or conctima. 
‘The virlety plaonnste occure in rocks of this type that are high in their iron content and i 
sgremouly sega with tage, thie ioeal i eS to front 
{helm Spiel orc i ei api ez, ofan a nem eae td 
Sola, i remy fod sat mney bere erie rockn and arbre rocky 
cccting often [a the cities of the neo reek, origin probably to puna 
tio coitions vet depenition fro ted lutions. 
occurs in Ceylon, Siam, und other eastern counttice in beautiful colors, ax rolled 
ot a the atean ro ‘ig. horn fou in the Mok trict and at Ava near 
inndalay. ‘oreur fa the peient ejected manos 
Me “on Fe ae rsa eats Motion Val el ha Trento; Ty, 
ce, Sodermantand, Sweden, is found » pale blue snd variety tn ime 
js commen Crystals newt Amibatomsinty, south sand elsewhere i 


Ona Co, New Yor, to Aner Sum Coy New ene, da 
Rn As ep atte leptin wich 

IBeattien tn colors ar ecoenly ray tien saeco 
Sr dGaRaats Senta Was Gaara Sew Yo ne hat 
Amity, and at ‘Warn, Exdenville, Monroe, ete. In Suasex Co., pint ine, Franklin 
af ytale of various acon of Black, oe, geen, and rod, whe ch are sometiines 


fs 
sent cae peing tour, nd marten sre 
one New lore ie ect ith the cru of ‘ot North Caroling, aa a 

ital ound at South Burgin, Leeda Co, Ontato}, in Quebee 8 Mih 
sone ee anne ht org aa ietild; Otten Co. an ahve apie! occtre 


‘Yost cloned transparent varieties aro we as pe 
Son Spinel FeAkOuInometney tmniv fine granular. HL = 7-5-8 
GS FIPS, Color black. n= i500. Hee ecu igh Bohai, Coeur. 


‘Sin 


ap, Wert Oa Net te nae ees tie 
mes fou gre It wgl elena propor of tho coe and be 
‘mite nologies. "Col bagke G, = 


GAHNITE. — Zine Spin. 

Isometric. Habit octahedral, often with faces striated || edge between 
dodecahedron and octahedron; ‘also Jess commonly in dodecabedrons and 
modified cubes. Twins: tw. pl, o(111). 

Cleavage: (111) indistinet. Fracture conchoidal to uneven, Brittle. 
That gen. ‘Goloe dei green raish pees dep lee pren, genta bck, 
What greasy. Color: ‘green, grit) Sreet Sy 
bluish black, yellowish, or grayish brown, ee grayish. Subtransparent 

‘to nearly opaque. 
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—Zine sluminate, ZnAlO,— Alumina 557, zinc oxide 443 = 
100, ‘The zine is cometimes replaced by manganese or ferrous iron, the 
‘himinum by ferrie iron, 


Yar. Avrowoure, Zine Gahnite, —ZadlOy with rometines alte tron, CQ. = 
11 0h Clary at shoe 
“Decdtingaenetron, Gp Geta. — Cn, Fe Ma}. pnts Color = 


‘be Gets oosin bs sa denon sd si a Sot oa 


and in the elise. Tm ge via eition 
oa nthe United 
od Sterling 


Biel st ws, Freaties Coy heamchussits! tn Now ie, ‘at Franklin 
BU Geta) A eobalteros varie, oooum at tke copper thine of Crzll Co 


ite. A mansnese ‘oun 

lank atbor with rebinen eeetky ‘a = LU2t‘Ghrure with allepianite gad other mae 

Anse minerals ina vein at Bald Knob eas town of Galax, Alleghany Go. Noeth Garalina. 
‘MAGNETITE. — Magnetic Iron Ore. 


Isometric, Most commonly in oetabedrons, also in dodecuhedrons with 
faces striated || edge between dodecahedron and octahedron (Fig, 745); in 


dendrites between plates of mica; crystals sometimes highly modified; eubie 
forms rare. Twins: tw. pl. o(11}), sometimes as polysynthetic twinning 
lumetle, producing striations on an octahedral face and often a pseudo-clesy- 
a (Fig, 00,» 196). Massive with Inminatad seractare; granule, cone 
‘or fine; impalpal 

Cleavage not distinet; ‘octahedral, often highly deve Frac- 
ture suboonsbolial to ao H= 50-65. 6. ease) 
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FeO; = Iron sesquioxide 69-0, iron protoxide 
a0 = 160; or, Oxygen 276, ian 72-4 = 100, The ferrous ron sometimes 
replaced by magnesium, and rarely nickel; also some- 

lines contains titanium (up to 6 per cent 10s), 


vwhea heated to 22" 0. fn ony 


Taetlire TSI ence tate, BOE emitereps mre 
Ge base eam pas 
Wit Ln fhizea rents ibe hematite. Soluble ln hyroebloric sil and eoltion reset for 


"Arti. —~ Magnetite is frequently formed as x furnace product. It is easily formed in 
actificial ‘when they are low in the percentage of ‘eis formed by the bresk~ 
ng down of various minerals or by Interresctions among minerals in prooeses similar to 


cours i ein grain in igneou rock, being found ot sbuidaidy in the 
f i wl at tc fon Inge seeped es ‘These Dodo 
hitve be It the procomes of magmatic ferentiation ‘They ary often 


_ ont eon 

in serpentine that have resulted from the alteration of ehrywolite. Common as the black 
ftuent of wich aad, ete., sometiies in lange amouni 

‘The largest deposit of tagmetite i the world nze found in Narrbotten, northern Sweden, 


he 


0 iste. 
inderingou Macedonia. But Pliny favore Nieander’ 
Gen discovered faethe fable run, by ridig, 


‘by finding, tag ia 
fnlto pacure HSC tho aloo hn ehoen an the on faerie ob af Sere tbe 


FRANKLINITE. 
Tnomeiri, Hebit getahedral; edges often rounded and eryeals passing 


into rounded grains, Massive, granular, couree or fine’ to compact, 

Pseudo-cleavage, or parting, getahedral, as in magnetite. Fracture con- 
choidal to uneven, Brittle. H. = 55-65. G.= 907-522. Luster me 
tulle; sometimes dul, Color roo-bink Bure ie brown or black. 

ue, except in thinnest section. = 236(LA), tly magnetic. 

Or ED TFodansMnO,(osinOn but varying rather widely in the 
relative quantities of the different metus present, while conforming to the 
general formula of the spinel group, 


rete. —B.0. infusible. With bornx in O.F. gives a reddish amethystine bead 
ain al ny te ee crn ey” ce gs x ae 
Sea a misture with borax and soda is used.” Soluble in hydroehlone seid, sometimes 
ae ameter bly slighty atteaqhd toy the songnet, od had 
n dark brown streak; it also rencts for zinc on. BB, m ‘2 

‘Obs, — Frunklinite is found in quantity ony, in the Franklin Furnace district, Sussex 
Co, New Jersey. It is the chief sine minéral of two ore bodies, one at Mine Hill and the 
Sturn ls aaa ens rare aene tee ace 
fee elite fev iy le ane Te 
sprciea Saabs Of WEL are to be foots enly a (aw locality. “Soras of Gites ease paohen 
Ay te tne odonite (lower ephrote, waite, sebefeie, inte, yeanganone paret 
‘nas ce acy teost cf Diibutiag, Hamer Nesnaa, fa cutie eryreni 

eters 

Jacobsite. — MgQ.Feis(Mn,Fe\0.FeiOs, Isometric; in distorted octabedrana. 
Gita aiidaaed Gece Haas Cee ete eee 
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475. Color deep black. Powder dark red-brown. In Vormland Sweden, 
2 Sable U Nordnack atect and Mt atthe Sp and Cabos 
‘ines in ‘Also from tear Tatar ‘Bulgaria. 

cHROMITE. 


‘Tsometric. In octahedrons, Commonly massive; fine granular to eom- 


pact. 

Fracture uneven, Brittle. H.= 55, G.= 41-49, Luster submetal- 
lic to metallic. Color between iron-black and brownish black, but some- 
times yellowish red in very thin sections. Streak brown, ‘Translucent. to 
opaque: w= 2. Sometimes fecbly magnetic 

BeECHO. oF FeO.CrOs = Chromium sesquiosde 68, iron 
protoxide 320 = 100, 

Shows considerable variation in composition and rarely conforms to the 
theoretical formula, ‘The iron may be replaced by mognesium; also the 
chromium by aluminum and ferric iron. ‘The varieties containing but little 
chromium (up to 10 per cent) are hardly more than varieties of spinel and are 
‘lassed under pleotite, p. 488. 

ete; — B.D. in OL, infslble; in LP. lightly rownded onthe edges, wn bacon 

ee ener ts 

Tier ca cerca wit nal un” Sine nob ba by wis bt Goscnpenel iy fat 
‘Tistingunbed from feeble magnetic 

fe occe aia oe tee rem re Ot 

srk = Ete Be pepe sili fai togtbr eho, frie and 

‘Obs Oecury tn peridot be a f forming 
sees a ae ar he cores ete rt ore 
ne a Eng reo hy ore cur he woldaetion ot the rk 
‘mecated with magnetite” Not uncommon in meteor trv, sometimes in nodal, las 


vasious distiose im the Ural Mita.” Found in the Guise Nix near Krathat, southwest of 
Leoben, Styria, Austria. From Grachwu near Frankeustein, Silesia. Was ly 
aimed Tem oat ‘Gamy War, aoe. In erataly othe indy of Unit and Fels 
foe ueivey mined ia New Once z a 


‘Cheeter Col, nad at Wood's 
Tilly, sear Baltimore, in 


agile Te = 8 Gor 08. 
CARYSOBERYL. Cymophane. 
Orthorhombie. Axes « 


:e= 04701 


men", 110A 110 = 30" 2. 1 A OM = 120 14 
Dy | ww, bo oe an THAT = oor 44" 
zz) LA Tor = 101" WAG = 40" 77 

OMAGH = om ALIS rah 


Es 
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‘Twins: tw. pl. p(081), both eontact- and penstration-twins; often re 
peated and forming pseudo-hesagonal erystals with or withoui reentrant 
angles (Fig 421, p. 185). Crystals generally tabular’ || a(100), Face 
@ striated vertically, in twins 9 
feather-like striation (Fig, 748). 


eininteesting to uote that there aa 
parities pono fp ed 
Sanus of chrysler] und thon 

lite. The "a ay “i 
Ssinerate deter Seay at 
atime the sane rlsionship. 


Cleavage: {(OL1) quite distinot; 
‘4(010) -mperfect; a(100) more 80, 
Fracture uneven to concboidal. 
a aoe srararen, omer, en 
white, and yellowish green; greenish brown; ; sometimes 
or columbine-red by transmitted light. Su uncolored, Transparent to 
translucent. Sometimes a bluish opalescence or cl yancy, and asteriated. 
Pieochroic, vibrations || ¥ (= 6 axis) crane yellow, (= ¢ axis) emerald- 

X (= @axis) columbine-red. Optically’ Ax. pl. || b(10), Bx. 1. 
(001), a= L747, B= 1748. y= 1757. 2B = 84°43’. Indices and 
‘axial single variable, even in different portions of a single specimen, 

‘Var. —1. Ordinary. — Color pale green, being colored by iron; also yellow and trate 
gl haha a 

2 Alezandrite. — Color emerald-green, but columbine-red by artificial light; valued 
Site ee thee ae Mireles om 

T Civsape— Chiat greta und eatbiling Hse hnispuny trout Cajon; 
a aluminate, BeAlO, or BeO.ALO; = Alumina 80-2, 


ucina 


Te powdered rulsral fuees & Udi coloc’” Not stiscksd by" acide. 


‘Mings Gorse Brazil.” In eryatale 


Jn the United States found in It 


ireenfield 


ip 188); me poaee, massive, particles strongly coherent, can i eet Ao 
Pg ne aetna ty tee 
Sally a = BML). Hncmoaate le eae of th aig’ mmole 3 pay 


menad and near by at in Thai 
‘at ‘north of Fil 
Braail.” Ocerrs intimately taixed with 


foot hamal_ cleavage Black. Brown-black strmak. ices, 
EG Go = 488. BB. iofusible Occurs at Franklin, New Jersey, and at the Woll- 
‘oog ae (oom) wear Lani, Colors 


ijuiee Arioona, hae been abown to be a wixture of hollandite and some uidentited fad 
‘mineral, Romanirhite from Romantehe, Rhine, France, de a ci 
Tbelane, haa aloo been shown to be a mixture of Hllandite and ax wake 

‘Comoe, —PUMovOy to cellular masses. Color, ateel-gray. H.= 45, G. = 


eat Hom Sih a ee 
PbO, or, 2PU0, eerlent, aa cryvaltine seal HL = 
16. Color vivid red, mtxed with yellow, ira orange 2 = 4, Strom 


2 Mn Maar sie stl ori, dered 
Upatraton of gah eae et in the Ata Mas Siberia ems Bieta 

a pit deter i elon rom Graken Hi, New South Wale, 

Fa ibe Unc ie te en with tate lea the Jy Gould mse Wot 
si sor te ome and aieste tear Camere, Lem Ca, 


tine, Laide, Color. 
‘Grednerite “Cu MnO, ‘Monovliniet tn onal platen, probably the 
senli'cf Grislag. ‘Portes tavage parallel to tabular development. Hl = 43, Gs 
TERA" Tost Gate Caron psig, Stak back, browaish | From 
Fedechrodas tn Thuringia and use Mewlip Hl, : 

‘Deuavossizs. howell tabular parallel to bam 10 


era ra lak, ‘Gone me, Exner Ural Min Ate Calne a 
wn nine, Bidbea, Cochise Co. wih 
small spheri ‘embatiled in clay ht Kimberly, Ne 


mal basal cleavage. Color black. Streak dark brown. 
(= 517, Found nssoeiated with manganophylite, kentrolite, ele, wt 

PO2PeOs _Rhombobedral, tru Cryetale, thick: tab 
tule [1 (001). eavage. tn cleavable mame. TL = & G.= 00. Color, neat 
nek! “Stroake red, like, Bematite. ‘Occurs with jacobstte at Jakobberg, N¢ 

“Zcomnauyree. Za02Mo0, 2140. Soft and earthy. Chocalate calor. Overs in 
cavities in ealamine ore at Olkush, Russia. 

‘BRAUNITE, 

‘Tetragonal’ Axis c = 09922, Commonly in octahedrone, nearly \so- 
metricin angle (pp’ M1 A 111 = 70° 7’). Alsomassive. X-ray study shows 
eight, molecules to the unit cell. 

Cleavage: p(IL1) perfect. Fracture uneven to subeonchoidal. Brittle. 

S868, G = 445-489, Luster aubmetallic. Color and streak, dark 
brownish black to steel-gray- 

‘Comp, —3MuMn0,,MnSiO, = Silies 10-0, manganese protoxide 11-7, 
manganese sesquioxide 783 = 100, 


sb hn ena aren ith han ts tet 
ieee cee a 
inO; and Mt in proportions nearly &: 


ce 
Cassiterite SnO, 06723. «Rutile TiO, 06442 
Polianite © MnO; 06647 Platinerite PbO, 06764 


‘The Rim Grows includes the dloxids of the element tin, mangancee, 
titanium, L. compounds crystallize tet system 
with closely similar ‘nd axial ratio; furthermore in habit and method 
‘of twinning there is much similarity between the two best known species 
included here, Chemically these minerals are sometimes considered as salts 
of thoir respective ncids, as stannyl metastannate, (Sn0)Sn0,, for cassiterite 
and titanyl metatitanate, (TiO)TIOs, for rutile. 

X-ray study: Sestyptee frronelirtrat pleatto merits Pett Fagrlegs atoms are in| 
ranged a bsty-en nal tte. Tho oxygen atoms lia inthe anne horn 
pipes at the 2 states abe tee grok! fy elcy aceh aon Hc ayn ‘Lines joining 


‘hiv closely sitllar structures. 
he group. 


‘sue ig true of 


CASSITERITE, Tin-stone, Tin Ore. 

‘Totragonal, Axis c= 0:6723. 
we’, OLA O11 = 
ee, 01 A TOL = 67" ty 
fy WEA TL = 58° 10" 
a MLA TH = 87 7 


‘Twins common: tw. pl. ¢(101); both contart- and penetration-twins (Fis 
752); often repeated. Crystals low pyramidal; also prismatic and pia 
terminated. Sometimes. very slender (noedle-tin), Prism one vertically 
stristed. For ntomie structure see above. Often in reniforin shapes, striic- 
{ure fibrous divergent; also mussive, granular or impalpable; in rolled grains, 
Cleavage: a(100) imperfect; #(111) more so; m(110) hardly distinot. 
Prture, mibemcioiia to, theven, Brie, HL = 6-7, G.— 6a Td, 
Luster adamantine, and erystals usually splendent, Color brown or black: 
sometimes red, gray, white, or yellow, Streak white, grayish, brownish. 


my, 110A 111 = 46 27°, 
2 Laat = say 
‘em, 21 A BDL = OIA’, 
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Neatly tenngparent to opaque, Optically +. Indies: w= 19006, «= 


somertat ike dry the same. on namalier scale, "Stream 
Fira the arin the tae of mand a tocar an the bec of iron rin gravel. Sey 
‘waa demcsthed ne a silieate of tin oecuring in chalsedony-tike misses in the tin velne of 
Halivia but is probably m tixture of wood-tin and silica. 


Comp. —'Tin dioxide, Sn0; = Oxygen 21-4, tin 786 = 100. A little 
‘Ta,0, is sometimes present, also Fe.Os. 


Space erawiy hasten infusfity, and by ite 
eae veceina of parece bier, rt ine oe 
ath ‘wolframite is sexily fusible. 


iat als mies which soften Itblumbesring species topas, tourmaline, maeite, apatite, 
4 ‘whi often m i % 

Miele farther pyle semen sles oo baat nav Ham ee Fre 

Slopnais fein in ors oceur fs Cornwall. ‘Them wore formerly very linportant 

tug nee Bebe argey extsted. The Doleonth lode mene Redruth n rory than 8 sles 

The canter coeur ater 


‘Europe unusual 

‘are found at wal (Slavkov), Ci (Erupka), and Zinnwald (Cis 
ald) in northwest Bobemizy Ceechoslovakia, abd in the neighboring district of Basa 
al ‘and Ehrenfriedendort. Fine crywtals, often twinned, are found at Villeder, 
Morbitas, ‘om Pikirania on Lake Lagi, Filan 


with eat 
ip Brice tom the sac cf Duran, Gaia dni, 
it oecur in quantity in the United States. It is’ moat commonly 


‘Tetragonal, Axis = 0-64415. 


tien, 310 A 310 = 20° 54 25 TA Ti = 90, 25)" 
ee, IOLA OUT = 459 2 fe?) ML A TEL & ae 30" 
ee, 1OL A TO} = 65" 944", i, 313 A 183 = 20" 


‘Twins: tw. pl. (1) ¢(101); often geniculated (Figs, 755, 756); also contact 
twins of very varied habit, sometimes sixlings and eightlings (Pig. 425, p, 185; 
Fig. 439, p. 188). (2) 0(301) rare, contact-twins A, p. 188), Crys 


D668 


tals commonly prismatic, vertically striated or furrowed; often slender 
aciculir. Occasionally compact, massive. For atomic structure, sce p. 496. 
"106 Cleavage: (100) nd (110) distinct; (111) 
trices. Fracture subconchoidal to uneven. Brittle, 
H. = 6-65, G. = 418-25; also to 52. Luster mo- 
tallic-adamantine. Color reddish brown, paseing into 

red; sometimes yellowish, bluish, violet, ‘black, 
gries-green; by transmitted Hight deep red. Streak 
: pees ATyumeparent, to opaque. Optically “+. Te 
fractive indices high: w = 26158, «= 20020, Biretringenco very” high 
Somotitaes abnormally biaxial se 


Comp. — Titanium dioxide, Ti; = Oxygen 400, titanium 600 = 100, 
A little tron is usually present, Sometimes up to 10 per cent. While the iron 
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resent is often reported as ferric the probability is that in the unaltered 
mineral it existed in the ferrous state, 

"The formula for rutile may be written s8 titanyl métatitanate (THO)TIOs, With thie 

FeTiO, may be consilered Heoroorphoust and 90 acosunt for the iron 

Freuently present. 1t has eon suggested that the taplolite molecule, FeO.TacO, le also 

Eerie and that taylolite Uelongs in the same group as rutile and cassiterite, woe 

‘noted that rutile xd Muenite may occur in intimate 

Nand the possible presence of the latter inthis Way could aeeount for the iron 


cece Oct 
stele sein rai Geet a 

i ee 
Sellar ental nften planted In parallel potion 
Roe og ed 


E 


y 
it, (¢) Feerine from | Bohemia, formerly considered 
a enema ep crac carte 


fn the diamond sands of Mians Gerien, Brazil, which is eomposed 
‘OF-TiO, with w little water. 

Pyf, etc. — BB, infusible. With salt of phosphorus gives n colorless head, which in 
RLF. astumes 9 violet caler oo cooling. Mont ‘contain lob, Aud give & brownish 


‘yallow oF red bead in RF.) the violet only appearing after treatment of the beac with 
Yretallic tin on charcoal. Yusoluble in wcids; made soluble by fusion with un. alkali or 
Mlkaling carbonate. "The solution contaiving an exces of acid, with the addition of tin, 


an beauliul violet eoloe when conoentrated, 
oun. Charseterined by it a we Juster and brownish red ealor. 


— spin aaa 
Differs from tourmaline, veruvianite, augite in being entirely unaltered when hented alooe 
Bid Spoctde gravity about 4, of cuiterite 05, 
inane iis ties ‘hows red-brown to yellow color, very hixh relief and high 
Ta alle has been formed artificially by boating titanic oxide with bore oxile, 
‘tab by 


ly 
carte Ath brovite and ociabedrite have been found that have altered to rutile, 
ee oe rat le eau as an secesory mineral in igpeoua rorks nai horublende rites, 


TKutile  wilespread ix yall amounts, often in, leroscopie ly 
i edities ean be mentioned hers. Found jn Austin at Modriach south of 

Tan attra a the Sup-Alpe, Carinthia; nt Raurwe in Salsbury: at Pragratten and Wine 
TEEELMGOa in the Hobe Tausrn, ‘Tyrol, alo ia the Pitscktal rentino (loemerly Tyra), 
featy. ta Switzerland in s the 


Hinnental, Valais, und elewwhere. Tn Fratce at Saint Yrieix south of “Haute 
Vienne, in Ne at Snarumy Wsir, etc. From Bhimberg, Adelaide Co, 

‘South Australia.” Frown Minas Geran, 
Ts the United States rutile occurs lu Version tectwury. At various Jocalition tn 
Jaccachusetia, Connecticut, und New, York. In eania i Cheater Co. nt Parka 
‘Newlin, and the adjoining ny Lanner Gos Iegpertant 
slopoait ie ft Ainheret and Nelo cout, Vigna: | In macy lsalitin in, Nort Care, 
‘at Stony Point, Alexander Co., in splen rariod habit. In 


i Gren Slot Tngla Co i arg nv eps wth 

Skane ot Mant lated parts” come from Val Tavelach, Grisons snd elaewhera 
fg Switstands toon, Mindngsscar; Mina ‘Gerace, Brasil; West Veeront; 
‘esanier Ca North Carcinn- 
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Tinenerutide was orginally found ln the Hinen Mls, Russia; also nated from Ampan= 
tear Mande Malagarne ‘Sra wae ofall decribed from Gravee 
mont, Maly; han iso be fond in Madagnear at T bowie 

st Teena lo ttn Erne, eyotne, Peaingin Co, Seth Dak 
jr A sure of Garin 

Pistngte, a die PHO, Twenga. Stature that of the Rutile Gry 

‘Take metalic. Colot imncblack’” Strauk chestna-irown, From Scotiand ni 

has, Lanark, and nt Wasloctbend, Dumfries, “Alo tu Taho at Mullan Coeur d Alene 

district, and Glsewhere iy Shoshone Co, and in the Gilmore district, Lenhi Go, 


i 


Sreqimerer ee Wd : 
Ft Fe St iene iy MEM oa 


OCTAHEDRITE, Anatase. 

Tetragonal. Axis ¢ = 1-771, 

Commonly octahedral in habit, either acute (p, 111), or obtuse (e, 117); 
sleo tabular, c(001) predominating; rarely prismatic crystals; frequently 
highly modified, X-ray analysis shows that the Ti atoms lic on a slightly 

w te deformed diamond lattice (see p. 40) 
with the O atoms arranged in pairs 
on cither side of the Ti atoms in ver~ 


alee 


a SSS _ Cleavage: (001) and p(111) per- 
ee FD fect, Fracture subconchoidal. Bat 
ee ee eel er ae eA 


16 
Luster adamuntine or metallieadamantine. Color various shades of brown, 
fusing into indigo-sue, and bine; greenish yellow by tuned light 
troak uncolored. ‘Tra t to hearly opaque. Optically — Birefrin- 
xonoe rather high Indioes: » = 2634-2'504, « = 2488-2407, varying 
probably with fron content. Sometimes abnormally biaxial, 
Comp. — Titanium dioxide, TiO. = Oxygen 40°0, titanium 600 = 100. 
‘Commonly contains small amounts of iron oxide, 


Bid ee ner ute 
One. 


bearing minersla” Orours in granite, quurte porphyry, guelss, chlorite and mice schists 
‘asec with ‘dlar, hematite, wpatite, aod Uitanite, utile, and brookite. "Prot 
Swit ipental,'Velais, 


‘Pavidtock, Devonshire. In Mins Brasil, in mplendent cryetals in quarts, To the 


United Stites oetahedrite faa been found in Martchiette wt Somerville. From Muget 
Cove, neur Hot: Arkamas. Blue crystale with a large aumber of planes and reach 
{ngs eantimeter Tate been fous on Beaver ‘Coy, Colorsdo, 
BROOKITE, 
Orthorhombie Axes a:b: ¢ = O8416 : 1: 00444. 
mn, 110 A 11 e's, 120, Tat = a4" oa 
my uA Goh, aa A i = tat or 
Be, UAL Sie," 110 A 128 = 45" a 


Only in crystals, of varied habit. Atomic-struoture is similar to that of 


colimbite, se€ p. 605; 
Cleavage: m(L10) indistinct; (001) still more so, Fructure subcon- 


choidal to uneven, Brittle. H! = 5-5-6, G. = 387-408, Luster metal- 
0 


7 


ve 


liccudamantine to aubmetallic, Color hair-brown, yellowish, reddish, reddish 

brown, and translucent; also brown to iron-black, opaque. Streak uncolored 

to. grayish or yellowish. a = 2883-25584, f= 2985-2588, y = 2705— 

2741." Optically +. Bx.sc always (100), “Ax. pl. || (010) for blue and 

green light, || (001) for red and yellow light. Uniaxial for n yellowish groon 

color, Strong dispersion, Abnormal interference figure, see p. 
Comp, — Titanium dioxide, TIO, = Oxygen 40:0, titanium 60°0 = 100. 
Pre, — Samo a for rae 


‘origin and associations brookite is pindlar to octabedrite. Found 
cts ie ERs Mi: at Zip near Bia aon the river States, rene 
tie Frain to in Vege Ya Tye ara 1 So 
AEE Gane. Tein nnn Erstnatock ear Rute {nthe Maderaner Tal, Url From 
bier Ee Saeee ‘France. From near Tremdoo, Camaryon, Walon. 

iy the United States found at Massachusetts; at Ellenville, Ulater Co., 
Raw Yoh quarts CTE orem ahied anil 7 ard ia thick blak erytale (arkanatte) 
Bi Tinenat Gout yeu Hot Strings totanae 

‘Named after the English mineralogint, H. J. Brooke (1771-1857). 


PYROLUSITE. 


Orthorhombio, but pseudomorphous, commonly after manganite, X- 
ray study shows that pyrolusite has the same atomic structure as polianite, 
velo a apparently the nly ctyataline fons of MnO Usually columnar, 
often di granular massive, and froquenty in reniforn coats, 

Salt, often soiling the fingers. 225, G,— 473-456. Laster 
metalli¢. Color iron-blsck, dark steel ‘sometimes bluish. Streak black 
or bluish black, sometimes submetalli que. 


coouiays Hee oeee (2 per cent), a mire 


ite ‘nicer, wideepread i ls occurrence, a few of the 
poy lbportagt lclites can he ive bere I found at Mate (etn) and Genter 
{a "Bohemia, Ceechoslovakia. fine bec mised at orthest of Treo, 


" ‘Secours from Rossiach, Nass with 
at Iie, Hare Sta from iin Corawall at Lat 
Sng ‘cur is the Central Provinces Inlay where yaroluate sects 


% 
set ee TEG) inte ol tas aad Be the mae fs Be eae eT a 
neeelere, eaee ne 
coloring material ix bricks, pottery, glee ete. 
B. Hyronovs Oxwes 

Among the hydrous oxides the Diasroxe Grovr is well characterized. 
‘Here belong the hydroxides of duminwm, iron and manganese. The general 
formula is properly written RO(OH). The three species here included are 
orthorhomtia fx eryetalliastion with related angles and axfal rations ‘this rela- 
tion is deviated from by manganite in the prismatic zone. 

Another less prominent group is the Bxucrre Grove, including the 
rhombohedral species Brucite, Mg(OH),, snd Pyrochroite, Mn(QH);, 

Gibbsite, AI(OH), and ‘B(OH),, are also related, and further 

ite and Pyroaurite. 


fn manafacture of borin, bro 
mF in glam and i electric teri, a 


Diaspore Group. HO(OB) or R.0-H,0. Orthorhombie, 
$ € 


1 £ 


Orthorhornt 21206039. Crystals prismatic, 
mm”, 110 4 110, = 86°17"; usually thin, flattened || (010); sometimes 
acicular. Also foliated massive and in thin seales; sometimes 
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Cleavage: 6(010) eminent; A(210) Jess perfect. Fracture conchoidal, 
sory brittle. H. = 65-7, G.= 33-95. Luster brilliant; pearly on eleay- 
ageface, elsewhere vitreous, Color whitish, eae wit recnish ray, 
hnirbrown, yellowish, to colorless. At times x= 
or red-brown, Z — faint yellow. ‘Transparent to subtranslucent, oe ptlaly 
ee" Binefringence high, Ax. pl. || W(010). Bx. 1 a(100). Dispersion 
<x, feeble, 2V = 54°. a = 1702 B= 1-722. = 1-750, 

‘Comp. — AIO(OH) or ALO; HO = Alumins 85°0, water 150 = 100. 

ro @te.—In the closed tube ustunlly srenhysereet strongly, iting into oe 
part helleacand ta te pecatareyieis, rahe ti a iy eal 
be sa tue color, Pee Pa Wari afer ution soluble i 


cad ae gb eae Bs hare eas wi cob wien.” Haman soe 
bay rhe pare sa be oe stifically {Gemed by eating In a ated tube 
ae Nasco wi ronda or cn 

ea as ree ts 
Fitoent of certain neous ook, realy oatkern Norway, apparently the Plt of 


{ha aeration of aint Uke neh 
‘of Ekaterinburg, Ural Mita, in x granular limestone with 
coat ee ik eoiey ne hoe corner 
‘Swite 


eee vue rea 
fart ced riety from Posies fe out Alres, an been called 
yea ea te ere me Gen, Meret le, 
qeamaekara terns Ss arte cP 
Pennaylvae 


soa eee eerie ei mean ee ene 
Homer, Probably ALOTO. (Comp, devel oe sda of Tex er 


Real aps OO MI (gnty higher dha for eit 
Foun tnt tien of 

i to tO amas cape Monoelinle, Micaceous cleavagn He 
= 5-4. Inclined extinction with angles az high a@ 46°. a = about 108, = about 
ek pat eae ce" Clery ou ca cpu yr en 


Gero Htedendo, Minas, Ura ‘A hydrous oxide of aluminuin with properties similar 
{ite of kaye Con the nm tit amy nb es ante 
GoeTaITE. 
Orthorhombie. Axes a's 0 7 ¢ = 0'9185 +1 ; 0-6068. ae 
Sees mamma (CO 


% ‘BLL A Off = 62" 90". uy, Bein A ith = 8a 
ST vertically striated, soi fi Otaoed ol sal 
bes W010); fibrous; folisted or in scales; mar p| | 4 || 
‘and stalnctitio, with concentric and radiated 
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for yellow = (001), = 226. B= 230. = 24. Only weakly pleo- 


Comp, — He ape fpleape ae fron oR water 101 
= 100, or Iron sesquioxide 80:9, water 10°1 = 100. 
Err lth de tte rn of ai aod in conver ine rm ms 


ide. With the fluxes like hematite; most varieties give = 
Mi frag nO. ar ering Ssh Spr «i eo 


‘Dit. “Ditech fom hematite by fa yellow eresh® Trt leat by exytalline 
sare ig otans ke war a ont sd 
‘Se "Goetite mot comaneay fd mite ith lino, snore rae with 
‘dana atid, with sie al coins aa he ee 
as raclens tpt ethene ad nee tae ha a 
has Bun forael feo wate ie 


c-allaonber Goethe 1740-1832) 
vig the composition of prethte nnd occurring aa 


protect of eo ae Cine Ch: roo ete feay 
fearing hel a er 
sn SESE al ala ROE 
Soh Ee a hal 
exc, 


Orthorhombie. “Axes 


O8441 2120-5448, 
Es i, agus may 
«A rf = 25° 677. 
we, O11 A ON = 37° 30% 
slelalal SA Se 
Crystals comax atic, the 
fnoes deeply striated Yokaly; often 
CY woe in bundies. Twins: ‘tw. pl. 


010) tia lion ue wtalactitic. 
me 7 fect. et 
fe ee aad tine aka Coes one 
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‘Comp. — Mn0(O1 ‘M10,.Hs0 = 273, manganese 
: 5 Bo SEP ae we ne. cee 


langanite ta with the other manganese 
origin, "It frequently alters to pytotuaite, Found often in veins associated with the acid 
lgreous rocks, both aa filling exvitios and as a replacement of the neighboring rock. Bagite 
and calcite are frequent nmociates. 


‘Gaciry in veino teuvormng s porphyry st Ifeld, Hare Mis; at Jimenn i 

peters eet ee Bee 

ff Egenoal, Camber th Eitan Devon; and from Granain peer Towie, Aberdeen, 
in tho Lae Superior iron district at the Jackaon mine, Negaunee, Michigas, 

var, ie Som iin a Bese ik Ca Hagin Co ee 
bony and t Llnghoyan, Vela, Swede, na Save en ‘iphesomanganite 


LIMONTTE. Brown Hematite: 

Noterystallised, A'mineral colloid, Usually in stalactitic and botryoidal 
or mammillary forms, having a fibrous or subfibrous structure; also concre- 
tionary, massive; and o¢casionally earthy, 

H.~ 5-55. G. = 36-40. silky, often submetallic; sometimes 
dull and earthy. Color of surface of fracture various shades of brown, com- 
manly da, and none bright; sometimes with » ner, ack, vars ke 
exterior (var, stilpnoviderite); when earthy, wish low, wr-yellow. 
Streak yellowish brown, Opaque. 


Var, — (1) Co Submotallie to ailky in tuster; often stalactitie, batryoidal, ote. 
(2) Ocheroua a. brawniab yellow to rllow, often impure fram the presence of 
clay, mand, ete (8) Big ore ‘ore from veenerally loose or porous tn 


ee, Goel ie eds sits ee Val ou atenaines i pel 
tnasses, often. ine ‘nodules, in 


Comp. — Approximately 2Fe,0,3H,0 = Oxygen 257, iron 598, water 
145 = 100, or Iron sesquioxide 85°5, water 145 = 100, he water content: 
varios widely and it is probable that fimonite is colloidal in character and may 
tbe considered us the amorphous form of gocthite with adsorbed and capillary 
water, In the bog ores and ochers, sind, elay, phosphates, oxides of manga 
fieee, and hunnie oF aller acida of organic origin are very gommon impurities. 
Pyra ete. —Luke gouthita, Some verietioe lenve siliceous okuleton in the salt of 
See ant Piet Sette Uy ts rowan ore ifeior barioom. aod tt 
reaction for-watore Dove not decrepit FD like furgiie- Not crystallised like goethite 


essay of onary oi, oan ry the nlterton of athe 
tec rena pect eee nates an Seat os 
neida; it is derived largely from pyrite, maguetite, siderite, ferriferous dolomite, eto; ‘nlso 
Tea dis ci Ea ae ene Neseade ee whi ena to ae Fe 
fa cae etree [aro may be tc a fem 
Teeter fost et on ity toed cab hn et 
‘SemaAta as ar inal yb dep rm wan whch hae > 
ce a ce ea Gt ute" °Watery cris fm eso 
Shes: beooght into marty pnt depoat the metal usually the form of imonits| The 
evmportion of the earbonle arid in the water is one eause for the separation of the iron 


sat 
ay 


aah | 
FEE I 


# 4 f 
itt i ies 


the 
fens 
‘the 
a) 
tat, 
large 
Some 


ated 
Hl i 
a Hull ll 


nal 
i 


FSS 


wea: 
{BB oe 


aE ij 


i 


a 
a ah fora 


‘the 


bat sxoounte 
Ts oes called spol o Sapo ei 


disseminated 
= 255. Color 
sees erin 
geet Red. gaveh, carey coteies 
2S RIE 


—1 In 


Comp. — Essent AlLO;2H.0 = Alumina 739, water 26:1 = 
Soca etijaan boweves, Gre RUOSTUO tin dances ee 


Bourite is 
‘colloidal torut of 
‘ache and 


‘Turys (he 
eae 
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Iron semquioxide is usually present, sometimes in large amount, in part 
PGi gia Sitti a 


i 
! 
i 
i 
“l 
i 
i 


ea Se pee easel 
get a epee gen hag 
Pare er isin acer ret meres ar eects 
ir dee eee eon amie pea 
aoe ree ery ete 
Een peter ee re 
ition and purity but may at times become valuable ax sources of aluminum or tron, It 
ara bei rete meee ences ee 


bee lye dept ghee a 
dein: | Ole dps se A ead ea Toe en a aoe 
gery, Wee Newt, Preah Fr i man a om io 
5, See, Cree ae pa a Pema a oe ae 

Sesion 

ee, Tay Bide toc na ba iat 0 allele ete Sack 
mae iid Sate dotcom net gn re 
‘and Saline counties, Arkansas. 

‘Taterites are found in India, on Seyebeele Island in the Indian Ocean, on Madagascar, 
ieee 

‘Use. — As an aluminum ore. 


Brucite Group. R(OH)s. Rhombohedral 
‘BRUCITE, 


Tiol = 97° 37)'. X-ray study shows n structure in which the’ Mg and O 
ftom are arranged in horizontal planes in which they make bexayonal 


patterns. 

plane containing the Mg atoms while the O atoms lie in the planes above and 
below. ‘These groups of three structure planes are widely spaced from each 
other, thuia accounting for the basal cleavage, 

‘Crystals usually broad tabular. Also commonly folinted massive; fibrous, 
fibers separsble and elastic. ‘ 

H, = 25, G.— 238-24. Cleavage: (0001) eminent. Folia separable 
and flexible, nearly asin . Sectile. Luster || ¢ pearly, elsewhere 
waxy Lo vitreous. Color wi inelining to gray, blue, or 
ent (0 translucent. Optically +. Indices: w = 15617; 


‘Comp. — Magnesium hydroxide, Mg(OH), or Mg0-H,O — Magnesia 
000, water 31-0 = 100. Iron and manganese protoxide are sometimes present. 


A 1 occuring In platen, white to ish Ia cor, strong peasy 
aad i, ean ate ut yt containing «3 pr sant os 


‘508 
$8. BAL Nonfat ele wangpovmy some gales eck 
rir epee Pore cea 
igri gto roe he tango Tay Tames eT tae oh ee 
ball beh light, and the gaited mineral reacts slightly lo laser 
wa aie ov gives the pale pink color of magnena The pure, s 
Diff. — Distinguished by ita infusibility, softnem, cleavage, and foliated structe Is 
harder tess iter in inlay ys in pm at Sd el a 
sete earn kf eyrmum hich alm smelt sede 
Pottne, i meeaiephis cea Sed Col hens Pee peat 
eee eects, “Creation, Healy, with caleita, (Ts xt = ue ee 
Sg Fle ech as oree 
ee ee tee Toon Soe 


men Fret Crore fivee Coy Cafe 
erie the Sr vr om Neg tem Me coca 
‘Named after fabs Amerian minerals A Bruce 1818). 

& Thydroatle, Ne(Ol Atomic wtructure 
‘anlit to that of brvcita Veually foliated, Wee Uructe. Perfect tam Sestagee Eo 
te (ol bie, be prong ek on sore et 
oft ase ‘ote outa at Saroun toe 
ees Sasi say cont ith hen ren Pury er 
Tgeality "containing ico tw Fees wallet 2 ‘pear Prijs, Bo 
YenolevinFros ankln, New Sees 


Bighsstnite. Peuloyprchrita — Mangname hedroride, MeOH» Ordorhom- 
Prismatic. Black Prom LAnghanshyttan, Ve timiat 
Seaton Sih pychnie” Sean. ee ee 


Ser ocnd (Asee o :b 6 = 17080 1 21184; 8 = 85 29 Crystals 
tabular |, hexagonal in aspect. Occasionally in spheroidal concreti 
Also mammillary, inerusting, with smooth surface, aid 


Charsge: (001) eminent. Tough. A= 2535, |G. = 29-04. 
Color white, grayish, greenish, or reddish white, 

other fuses vitreous; of surface of stalactites faint. ‘Translucent; somesiines 
transparent in crystals. Optically +. 2V always small and may be 0" 


ise of temperature, being 0° at 27° C. 
A strong argillaceous odor when breathed on. " 

‘Comp. — Ahmminum hydroxide, A(OH), or AlO, 31.0 = Alumina 65-4, 
water 346 = 100. 


tonB Sal ae ste Peco hie and eps, nd ye mae. LB i 
‘chit crs oop os coe. "Sachle E conte oy Soe ioe 

jes When tte of eins alumnae are abel decree by eirbn done 
enh Caidate eof origin, resulting from the alteration of other aluminum 
‘arn miner sopesy the ice” Trem woken ra 


in prem wil fat mineral i ta characteriic Ueponia sadn the Laas ae 
Seelam th tial qincel ef exch soem me & 


in dolomite, near Moscow, 
‘Chaleophanite. Hydrofranklinite. — (Mo,%a)0.2Mn0:21,0, In druses of minute 
ctahedeal in fellated 


tex since nnd ie 
til, belinat. Color, Push Diack’ to ironblack. | Streak 
272. Pleochmoie, X = sleep 
‘Hyononeranoure,  2Zn021 ‘Black. 
‘An alteration product of heterolite from Franklin, New Jersey, and Leadville, Colorado. 
lite, — 2Pb0,Mui0s,H.0. Monoclinic. Tertack Uneal dea ‘Calor piteh- 
‘Streak dark brownish gmy- HL 3 Ive 
ean Tannen fermiand, Sweden, in (roa ore associated with calcite and 
‘PSILOMELANE. 


Massive and botryoida;reniforms stalactitio. HL= 5-7. G. = 93- 
47. Luster submetallic, dull. Stresk brownish black, shining. Color iron- 


black, passing into dark steel-gray. Opaque. 

Comp. —A manganese oxide containing varying amounts of barium, 
potassium and sodium oxides, and water, To be regurced ss colloidal MnO; 
‘with various adsorbed impurities. 


yr tte, — In the chee tube moet varieties yl water, andl lowe enya on en 
? is 


on:) with the fhixes reacte for manganese. BB. difficulty fusible. Sol 


ocalities for the ¢courrence 


te and Seca by Thun 
ail year Biogen, Westphal (cooenigrfe).- The variety roma 
Fee tesa iptesolal Teens ee rom Romancher horn whet 


‘Use. — An ote of manganese. 


‘The following mineral enbances here inh ere mistir of sation cnn, chleir 

of ummyatysn (Sfate nlso MnO), cobalt, capper, with to ios, sie fro 10 t0 29 por cent 

elena ne nna te oly lr erry of atin tl 

HRA, gi epenon bon wn ah Sv be le renin 
Wan in amorphoist and renifors mass either eurthy’ ve compact 

Co ne es BevRaeet ts cl ta He 
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Si or even EET od ng wey Het othe tnd Color dull Black, 


Boo Maxnixese consists muiniy of oxide of mangsnese and water, with some oxide of 
top, tad often silica. 


‘Srairenere (Fe Ale Orthorhombic? Campact. See Monat. Color and 
streak, black. Birefringent. esse G. = £1357. gvgiie sce crystalline | 
a x se ot 


a cee tx golds sal 
a ee ene 
composition, ‘has been found st Eliabethville, pees 
‘eae Ring coins chrysocolla. All three are probably 
a 
= slap 


Tan 
‘Wfunecurre i mista of copper, 


“Aare, ViOv1L0. Rare, Found in dark bluish red mosiike mame to Ala Mit, 
hearer a, HO. Io minute cccasloualy's rhomble out- 
Ny Compa, Clr ck ‘Gates a Sait ‘acement 
ie madbeosa Pareder Waly, 
Radimetive. "Found 
deserted from the suns cat Seheiesan tne siete 
Be optcal darsctan = — Ten PTT ee ay 


SUQ TRO. ,Orhetonive. | Acelar epetal., Mies 
neo eT ‘ios S05 Ss aa" 
“inlet, Z — dark viele “Found on Uuannite with Bese 
tae ‘Belgian Congo, = 


CARBONATES: bit 


Nitrates; 5. Borates and Uranates; 6. Sulphates, Chromates and Tellurates; 
7. Tungstates and Molybdates, 


1. CARBONATES 
‘A. Anhydrous Carbonates 
‘The Anhydrous Carbonates include two distinct, isomorphous groups, 
Pag eer per grog rere Serene righ oe 
present in the former are calcium, magnesium, iron, manganese, xine, and 
cobalt; in the Intter, they are calcium, barium, strontium, and lead. 
“The species included are as follows: 
1. Calcite Group. RCO, Rhombohedral 
re 


Calcite CaCO, 74° 55° 
Dolomite CaCO;.MgCO, ‘Tri-thombobedral 73° 45° 
‘Ankerite ‘CaCO, (Mg,Fe)CO, 73° 48 
Magnesite MeCOs 72°36" 
Siderite Fe Ta" 0" 


Rhodochrosite — MnCOs 73° 0" 
ite ZnCOy 72 20 


‘Thin fit ives only the prominent species of this eroup: the names, et. of the eoror- 
shot nternedints ectapounds wil be found unter the deseiption of the diferent rerubers. 


miscibility. 
2. Aragonite Group. RCO: Orthorhombic 
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estes creme RCO, Rhombohedeal 
CALCITE. bigrrare 
sige 


Sid 
Bae d 
teas 
IYO < 


CARBONATE 518 


Habit of crystals very varied, as shown in the figure, from obtuse fo acute 
= types, of ergy modi “Cale ee series 
many ten ite bit & greater 
one (ne Fg MESSED ps 180)s 0) rp. (000), common, the errs 
a a 1), com 
tala buries the thie vortiod ania.” (OTe pl (0112), very cosimon, the 
vertical axes inclined 127° 294’ and 52° 30)"; 
Rapdiiig teint lomstie eat Tostend See 
‘which are, in many eases, of secondary origi asin 
Frsnilaz limestons (Pe, 785); this th mi) 
produced. artificially (ae p. 210) " (3) Ter pl. 
71011), not common; the erties waxes inclined 
0" $6" and 8° 1” (4) Tw, pl, (220), rare 
tho axes intersect at angles of 53” 46” and 
sana irons, both corse and fs x ‘ois 
ten from coarse to 
Tes Sl come teim caring Ae states 
tuberne, nol, and oe = forms 4 
wage: r{ ly perfect. ‘Beetion 0 
(ot it co tying omaha, Sou, of cpyating tem 
obtained with difficulty, <aint 
withthe direction on ti denvagefaoy ear finds yofter. G, = 2710, in 
erystals, but varying somewhat widely in impure forma, as in those con- 
{aining tron, manganese, te. Luster vitreous to subvitreous to eurthy. Color 
white or colorless; also various pale shades of gray, red, green, blue, violet, 
alow; alo roa ‘and ack when impure Streak White or graye 
Prinsparent to opaque. - Certain varieties show phosphorescenoe upon heat 
tng and others laminesoence upon beng exposed to slight oF radi enna 


vm Optinlly = Biresingmse very hig, Ticfesctivg indices for tha D Bane 
2 = 1465840, ¢ = 148625, Sometimes abnormally biaxial with 2V” varying 
Up to 30". Probably duc to molecular strain. The effect has been jee 
iioed artificially. 

‘Comp. — Calcium carbonate, CaCO; = Carbon dioxide 44-0, lime 56-0 
= 100, Sinall quantities of mugnesiuin, tron, manganese, zine, and lead may 
be present replacing the ealoiumn. 

ia calelum carbonate wt ure and 0 
eanpatenn set he puncte ofa frm rutea'ss esslid eto ual copper 
{oie able abvte 070" C. sn teen digovedAragooite saul abode form own 
EAC sve from iors alot flow At hier tems 
oni a eee 1 Geb. "Valens wu spruliie vanity ot COO 

Var. —tihe yarieticn aro very’ mutierour, and diverse in appearance. They: doand 
Se ie eens oes 
Sito oompuuton a aiid by isomorpbous pce 


A Aes naseo Cutercy uvow Crrsrauiizanion 4x Accrpexrat, [reurrass 


In eval and lewable mame, the » 
Pee ‘Dop-tooth Spar jw an actte teal 


roma visiny having ibe for mood by the 
fem Ioeand, we for is called fedand Spar or Doublyerdract 
‘Spur, AW repute Sea ioeme eerie 
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‘lear and colories through yellow, Lue, to brown nd black. ‘The color fe 
Sl lp et on maf epi ny he naive 


‘copper, malachite, ete; they vetimes na de- 

Deciig pom the growth of the ergtals nnd hence produce many” varction 
Portia fro: Wanaiatioes ak! Rematey Fras oom 

‘Smount of sand, some 5 to 63 percent. Siliceous ealeite crystals come from South Dukota, 


2 and lamellar hinds. — Satin Spar ia fine fibrous, with a silky luster; resembles 
fibrows: im, also called satin epar, but is much harder than gypsum and’ effervesces 
with acide. | Lublinite i u fibrous variety, originally supposed to be « new form of CaCO), 
batrack Aaa Tae int aR RTE? 

ire st ‘ore oF lox ruling; . 
arwiuly Sellowiht pire, in fen hater nad mace opasry ales, i otllited whe 
Dearly sileite, near argmtibe;, in ite softer Kinds It approaches call, souls lighten, 
fear in Inter, slvery while oe Yllowinh tn olor, soft anv! greney to the touche nd ors 
GF low eal ih miucture. Aphste hae beet Shought to Ve aragneley pecudenerpoos 

tee 


hate 
sence in eerie en 0 ike ioe saga ta frse- 
, vaeying foe sup ta vey. an pruies ad hesce Gh me ore 
arm Yaris, sa white, yellow, rodcia, green tmally they ave cloned sad or occ 
matali pliahed: "Whe ch Unstone are it foe ele or foe 
fai ty they ae calel meric hy evel 
aren Shelinnrle commas ately af foal hls amachele ot emearie Say 
Frown shelmatin with ian Sree or chatoyant ntesaal rcictioes, fetes 
jg. Lind of 4 yellow to brown olor, showing. shen polahed, fig rome reset 
Peso rts tal udu oti f fon ot es 

Srapicc sia be nvr ‘Sonpartlimertone of tat at ab clog a 

saat ot Soto, vari siya lime ian spre Keston ick he 


mt mela 
08 Lise, aod sation waciosly veined. Many kins male Gest ost 
‘Shon polished. "to onde of rom penitent of dtr shan Shades of ta 


due to iron peotoxide, ehromium oxide, fron eillente, 
te ite hie rah white, or yellowish, nd pot enough to leave nce on a board. 
composed of the abells of ‘minute-sea organiema. rl ia a note earthy 
‘deponit with or without ditinet fragmenta of abel; If containn much clay, ane graduates 
% us ely. 

‘Odds is & xranulir limestone, ite ‘iinute concretions, looking sumewhat like the 
roe of fish, the name coming from ele, ey. Pisotile counts of concretions often 2a lange 
‘ag n ariall pea, or larger, having weually a distinct concentric structure. 

Deponted from calesreos springs, atreams, or én omerns, ce. (6) Sialacie are cal- 


eral rat or gece etn te mabe ve ort 

Bar ihe Sn et Sharing, uo sera al rang 
ee ee ee 

Se aT aaa rene area eT seem, O) Sales 

ie o'r surname 
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with but be . sit, from cor rivers, where in. 
raheem a dees tan Se et are 
fs deg een i eS tae oe er a 
igo Pee (0) omit = oo ei tere 

ae epee oer 7 
Fee ee eee ig white and light, like vottag, becoming @ power om Wse wlightest 
po 


B. Vauerms nisin vrow Coxtrosrmon 


‘These include: Dolomite clcte, Contains munymesin eathouate, “Also barislete 
(which contains some Ba0O,); similaty, aoontiqnsontate (SCOi), ferrcelete (FeCOs), 
(MaCO,) (ore under net, ps OAD), ince (ZaC0,),. nlumboeatcite 
TERED, eoboticatete (CaCO), Nene of thee vars aolecules appear én large amount. 
‘Thun wefasture of ealeite differs fuffetenly frees that of the exber manbers of the erowp ts 
narphous teplncement. 
Fyry ete. Bb. infumia, glows, and colors the flare redtish yellow; alter igition 
laline; moistened with hydrochlorie acid parts ie character Hine 


lohing characters: perfect stiombubedrsl cleavage; softoean, ena be 
scratched sith kaif; effervescence 
Tower epecific gravity than aragonite {which see).  Teserblee in ite different varieties the 
‘ther HRorabphetal carbonates bt alte hurd of lower speci: eravity, aad snore readily 
Sttackel fyrnchd. Alay reseibies some vareloy of bart ht hea lower specific REAVY 
{tile ard tha dear ad hander han yom. 

‘Mio. ecoghion thn stay Few retract an yrs igh Mer, 
the polarization eulore 


inten efter cousicava (@¥t 780), 
it co of eis ore oad 


cite sented the transformation bei 
Calcite fa {ta various forms, s 006 


“The percentages of calcite vary fn uel roses wn lt may 
Secor great tines an the chief or'ola coneiuent of the chalks, Iimertanes, and Ge 
etsimorphie marbles. ‘Calsle te coramonly Jepeate from 

‘omoetationn 


‘Maminoth Hot Springs ix the Yellowstone Purk, Wyoming. 
Tt possible to give here only those localities which are 


nad 
in Emilia, northeen Ttalys fn France at 
"beten fa Garde sd Hes, lien. I Haglan hous lai for eras are 
in Cumberland at Alston Moor and al Egremont (nelading nearby Pallant, et.) at 
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base rocks of West, ‘Hill, and Great Ne Tn Ohio. Ke 

He ea ee a et 

Eel eg eae ape aed oi a tegen paper 
a te Ca ng tes : “| 


id if 

‘tsusly sealenofetal nnd of « wineseliow colon" In South Bubata from the 

Tat! tauds and the Tilack Wile Tealand epar oceurs neat Gray Cli, Montana. Prot 

: it cements, ea a bling and tal 

‘ se a sand ormamen 

raterial; an n fsx in motallanseal operations; Teelxad spar it used Ls make polancing 
Placa; chalk ns s fertilizer, in Whitewah, ele. 

“Tuinntere A tala depot of flr cartnate osurring on an enormoas sale i 


ily or lg ewe. ole an often akeatonsisucture 
than cover by aulueqaant dept ealam earboenl. 


DOLOMITE. Pour! Spar pt, 

‘Tricthombohedral. Axis ¢ = 08322. 

o, bi A ee Ae MM!, 4031 A Tot = 113" 53". 
7 OL A TOL @ 73° 45", 

Habit shombohedral, usually r(10T1) or M(4041); the presenco of rhom- 
hohedrons of the second ot third series after the phenucite type very charac 
teristic, ‘Tho? faces commonly eurved or made tsp of sub-indi viduals, and thus 

passing into. saddle-shaped forms 
(Fig. 787), Twinning on (0001) or 
(1011), Sometimes shows polysyn- 
thetic twinning, tw. pl. 1). X 
ray study shows a 1 ory 
fower thin that of calcite. A replace. 
ment of one-third of the Mg atomo 
by Fe does not change the charneter 

the structure. 

Also granular, coarse or fins, resembling ordinary marble. 

Cleavage: (1011) perfect, Fracture subeonchoidal. Brittle Ho = 
35-4. G.= 28-29 Luster vitreous, inclining 10 pearly in some vuri- 
ties. Color white, rvddish, or greenish white; also mose-red, green, brown, 
ray and blk, “Truneporent to traatacent,” Optically — Ya = str 
f= 1:50256, The indices and birefringence increase with incresae of iron oF 
‘manganese, 

Comp. — Carbonate of euleinm and magnesium, for normal dolomite 
CaMa(COgs or CaCOyMgCO; = Carbon dioxide 47-9, lime 30-4, magnesia 
217 = 100, or Caleiimm carbonate 54-35, mngnesium carbonate 48°65 = 100, 
‘The earbonistes of fron anid manganese also frequently enter replucing the 

carbonate and grading to ankerile; limited amounts of lime may 
rather the magnesia and viee versa; rurely cobalt and zino carbonates. 

Pyr, ete, —B.B. acts like eaeite. In wilutian given teata for mugiraina an senually 

“Fragments thera ito cold ach ule ent are only very slowly netod pon 
FOLEN. wnilt a pores is wate sa tbe tslepal etal ocaced tae area 
{Te (ersferous borates become brown on exposure. 

Dig“ Reernelite nf boa ob dninguad Ut doe 

"ol Giuh = Arial dotaite ban bec Cored hi mveral waxy. ‘The rule of mary 
beg tira fa mverat waxy, ‘The reve of many eae 
eierie ies area, ate 
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ize x anlar No calc A Win, euebionceopt That’ mses often, showa exyetal 
Ge = hanivecabesh estan pete seu o yi gions, a tha dle 


Toate end i til shed orotate sea a Sp 
oz eae tas Cam oh oar en chart 
ree negate 2 
sete men 


fgiFeMn}CO>, or for normal ankerite 27x00, MgOOs FeO. 
Prot A tidl =Ts" 4 also coytallne nasate, grape 


MAGNESITE. 


Rhombohedral. ¢= 08112. rr’ 1011 ( T101 = 72°36". Crystals rare, 
usually rhombohedral, also prismatic. Commonly massive; granular eleay- 
able to very compact; earthy, 

Cleavage: (011) perfect, Fracture flat conchoidal. Brittle. H. = 
35-45. G. = 30-312 eryst. Luster vitreous; fibrous varieties sometimes 
silky. Color white, yellowish, or grayish white, brown. ‘Transparent to 
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opaque. —. w= L717, «= 1515. Indices and birefringence 
increase with amount of FeCO, present. nae 
nesia 47°6 = 100, Troncsarbonaie teotien pastes aad 


‘bot exist ne Saeiestion has fen a 
© Funneria With up L040 per eat FeCOs whit, brownlah rarely hack and 
bituminous; often ‘on asd hence eae Brae Sa’ 
‘Msi with Uren 9 sl 0 gr cet PCO 
‘with hetwers Band 90 per ewnt FOO, 
wrth TO to 95 per cent 
‘raemblot calle and dN the latter ia bt slightly acta 


cy te ‘ 
‘ie tataicaptam of ogame ake eee 
Sate cretct ar setae eT 
ea eat spare Seams areca one ane 
‘ine ene ag ie Sin ny ae ee Pat 
tne io be lina magnets ent ees ad A mre tes See 
‘ia rarely to be found in the ore veins or as a poeumatolytic mineral. 
ici itn or (rca ota eae I 
many localities n Styria, Austria, in the Marstal near Kraubeth, Bruck, Veit 
rein, and elsewhere; to the north at Marinzell and elsewhere; at. in 
‘From Snanun in Buskerud, Norway. Also found near Salem, Madras, India; nent Platina 
{iit cr Fee, New mith Wales; in the TYanevaal, South Alrion, and ie’ Nee Ga 


‘Covercil deposits of magpeite are found in Calfamia aking the Coast Range from 
Mendocino C2, to auth of Low tnd om the westera side ofthe Serra Neral from 
Flacer Co to Kern Co. “Consent bree of sedisentaty muagnstgy i bels te 50 
foot i thickoew, have begs found in the Muidy Vale Uti, Clark Con Nevads sad ee 
Hie ave Dever, Cenin Ls Canada apt irs Coe Gri 
‘Argel sat Sutoo aad Walon in rome Co. In mal as cpl a 
ay 
ramet Gener th tl Too Arn ad rm he Pea 
en frseny the Tyrol) Meath ie from tavern, Pca Tele sa 
eee irom Werfes in Salsburg, Auntrin.-Pialomanie [rom Thutaberg sear Flsichau 
ati 
‘Use. "in the preparation of magnesite brick forthe linings of metallurgical furaeey; 
fn the mnuseture of various ches! compo, ka eau tally magne ee 


SIDERITE. Chaiyhite, Spathie Iron, 
Rhombobedral. Axis c = 0'8184. 


Ta Nate wy, A = ot 
ey Cee Wer 
‘al, OOOL A Oss = A oe al, O681 A Bost = 118" 154, 


eu lish cammonly thombohedral (1011) or e(01T2), the faces often 
and built up of aub-individuals like dolomite. Often cleavable massive 
to coare or fine Also in botryoidal and globular forms, sublibrows 
within, occasionally silky fibrous; compact and earthy. 

Cleavage: r(10T1) perfeet, ‘Twinning on (0112), often in lamelhe, Frac 


manganese. 
‘Camp. — Iron protocarbonate, FeO; = Carbon dioxide 37:9, iron pro- 
toxide 62:1 — 100 (Fe = 482 per cent), Manganese may be present (as in 


Apparently a complete sim rany before between serte and mngoeite 
(eee under sta at) a barn dere and teh nef 

Gna area cer wits ee per va ran a 

‘ives a mangabost retin. iy get pon 

halve itr beet Clrrecmnte tbat acid. Epon ta 

arta BOESA teers 


‘ite color, rendering it often of a ‘or brownish red. 

posal cases ie 

Ee ge ict ie 
“ge ele ree a 
cerns ae eth Ot ot rhe 

eer ogee mere ere epi 


‘eoorinted 
th alow of ate or rer ch open ontaruper erocmats cto ot 
Py Feance of avila oxy, upon | ‘a 
ferrous iron Siero tn frsed 2 tes large nmousa by the replaceeeyt scion 
of ferous lutions upon limestone” frequently secure an &'vela migeral,vometines hk 
{he predominant rneral in vein of coneideraie alse, but ually in subordinate amounte 
‘at gags mineral be metalic ven, eepecal ver deporte, 

Re ist camanon aad epread feral, nud onfy these depaie that are of com 
rest imarnen iar ben th ity of Une etna cx be mentioned 
‘Nore Inupartant replacement depetta are found in the eartera A 
‘Aaa aa Eagar, ner iS nd Hr in hi Welt 
ayrtalled atrial cecure ot Param in . Crenhsiovatia. xa at Felahanyn 
Resi net Mores tay Saar, ot Miers ahaa Watpahet neha 
‘ein in "Thuringia. Pine crystals occur also in Val Tuvetsch, ‘Switzerland, and ab 
Troma and ‘Traversella In Piedmont Ttaly. In Frabee large zhombchedrons re found at 
Bathe eer ete rman eta me 
Ualivery, Redrulhy and St. Austell’ Gealenobedral) Black bacd ores were formecis 


sphilente and nyt; n,Penyivania at the bing mine, Hateasies Co 
‘oceums on trap rick ut Weehawhen, New Jersey, and Spokune, Washington, 
SS niin tbe coal regions of Pennayivain, Oo, ate. 


RHODOCHROSITE. Dinlogite, 

Rhombohedral. Axis c = 08184, rr’ 1011 A T101 = 73° 0’. Distinct 
crystals not common; usually the thombohedron r(1011); also ¢(0112), 
with rounded striated faces. Cleavable, massive to granularmussive an 
compact, Also globular and botryoidal, with colunnar etructure, sometimes 
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Cleavage: r(10Tt) perfect. Fracture uneven. Brittle. H. = 35-45, 
G. = 345-800 and . Luster vitreous, inclining to pearly. Color 
shades red, brown. Streak 
white. ‘Translucent to subtransiucent, Optically —. ‘s = 1820. «= 


ite are apparently completely miscible (see p. 519) and they muy erystullize 
together in all proportions; ‘sometimes the exrbonato of pao as in man- 
ganocalcite, also magnesium, zinc, and rarely cobalt, 


ete, — BLD. changes to gray, brown, and black, and dactepitates strongly, but ie 
nthe “Wh all ot yo and bora in, OF gives an amediyetinecolored 
{Geaveoeense in writs ydochlors cht Gu expetre'%6 is ie change te hese, ed 
soon bight ruse seta bese 
1, Dif Characterized ly its pink clo, shsmbabolral form and eleweags, eleresence 


bel 
iaaary origi in vn dopants, especially asociated wits ver, lead, a copper ores and 
With other mangunese tera 


Sore of the mare noteworthy cceurrences of rhodochroste are given below. Ia Rumania 
at Nagy and anid from various localiten the ferrous variety pond; 
Ih Saxony 1 Freiberg; ba seit 
‘tutheast at Obernelsen; at Sigen in, West ‘in Corawall nt St. Jug. A variety 
‘oulaining 48 percent of ne carbonate from meet, Fb, hs bee alld encom, 
To the United States chodorhromite curs nt Branclile, Connecticut: tn Now Tormey 
ms at Butte, Montana. in Colorado ta Gilpin Cos at 
tn Heed ine, Alloante, is beutiful clear hotabohe 
rons} in Chaffee, Saguache,'and Ouray counties, Abtmdant in the silver mines nt Austin, 


SMITHSONITE. Celamine pt. Dry-bone ore Minera. 


Sten Re hah ia ecm rr’ 1011 A Tio ry 720 
crystallized; faces (1071) generally curved and rough, Usual 
Torm, botryoidal, or stalactitic, and in erystalline inerustations; also granular, 
sand sometimes impalpable, occasionally earthy und frinble. 

Cleavable: r(1011) perfect. Fracture uneven to imperfectly conchotdal 
Britle. H.= 55. G.=4-30-4-45, Luster vitreous, inclining to pearly. 
Streak white, Color white, often grayish, greenish, brownish white, somes 
times green, blue and brown. Subtransparent to translucent, Optically —- 
= F849, ¢ = 1621 (on a variety with 97.34 per cent ZnCO, from Broken 
Hill, Rhodesia), 

Comp, — Zine extbonste, ZO, = Carbon dioxide 35°, sing protoxie 
48 = 10, Irom crbonate'i often pent (in moni); alo manga 

ese and cobalt carbonates; further ealeium and magnesium carbonates 
traces; rarely eaduium and indium. oles = 

Prt, ete —In the clonal tube lees extbon dicalde, and, Wf ur, ie yetiow while bot 
Shoots Dacascos 
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coats the con with the oxide, which e yellow while hat and while on cooling hie eating, 
Srewtened eth cobalt solution, gives green colur after Beallng in O.F. Soluble in hydro: 
‘hare acid with elfervescence: me 


‘Dil. — Distinguished from calamine, which (t often cloeely resembles, by ite efferves 


oe as iron 
spine ed somes a od 
i. yaa of ern or 

ieee a ciate bean wate oe ie pica, eae 

srl ate terres ree en occur te a porous honegeat 


‘New South W 
sen costal A pk cobain vcioty cocur at Bol, 


rant Neon! ‘and ‘Marion Co. Arkansas, 
‘sometimes culored bright low by preciockite and ‘then Incally knows ae turkey” 
er is New Meteo at naaiman, Serer Coy fa trealocent eam, 
‘masses: in the Tintie distriot and tah, 
Rema atch lanes Sufton (17201820) wh fem the Selhwonian Tnsltetion in 
Washington, “The name ealamie if frequently used in England, of, calanine, p. 033, 


TS Gat. iy. = PRES, «m= 1000. Sehmee 
Berg asm “At Litiola mene Chaar igus; aly,” Pvt Helly Lower Calera, 

Conararmm (CaMyFeCe}00,, Rhombobedral. A # = 74" Color ashy brows. 
o one tbe etmerad mines of Colombia 


2. Aragonite Group. RCO, Orthorhombie 
or list of species, 2eq p. 511. 


ARAGONITE, 

Orthorhombic. Axes a :b se = (62244 : | : 072058. 
um" 110A 110 = 5, HATH = se 
BORA US ASS Bhi, TA Ht SB ast” 


Crystals often acicular, and characterized by the presence of acute domes 
or pyramids, ‘Twins: ‘tw, pl. m(110) eommonly repeated, producing peoudo- 
forms (see Figs. 790-792). The twinned nature of these crystals 
foto be ata Ia the oonetani anges ka the elim ste and by the sations on 
tha compote ban! plan (fe ig 702) and by the varying optical orientation 
of the different sectors as seen in thin section under the microscope. Also 
, reniform, and coralloidal shapes; sometimes columnar, straight or 

it; also stalactithe; inorusting. 
wage: 4(010) distinet; also m(110). Fracture subconchotdal, Brittle. 
H= 354 Go 203-205, Luster vitreous, inclining to resinous on 
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surfaces of fracture. Color white; also gray, yellow, and violet; 
Streak uncolored. ‘Transparent to’ transiacent. “Optically —”. “Ax. 
(100). Bx, 1 e(001). Dispersion p <-osmail, 2V-— 18%, a= Tad 


Comp.— Calcium carbonate, CaCO, = Carbon dioxide 44:0, lime 56-0 
= 100, “Some varieties contain'a little strontium, others lead, ‘and rarely 


zine, 


100 ‘m0 coe 


cs) 


Aragunite i under ordinary conditions of temperature and preamure relatively unstable, 
a the by 
inser 0 calcite, elthoust doualy peg we ‘Comal cuits 


r.— Ordinary. (a) in. or compound. latter much tf 
mnt comin otcn Sn sedang groupe of ana pea” Gy Cokeonasy et te 
Bry wih ky ltr) Maite 


‘or tialapmite: ther compact or Shou i riructne, a with eaeite: Sprac 
gala nlite om Kart, Holi” Coie ot a 


ot rele inte @hek ould calcite under the same 
Ds oy eae by higher wm ravity and alan of rho 
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forma, ado called ow: fr awison." found tn carte of basalts not 
often sapeinted with copper sod goa wulphides, galens, and malachite, 1 

te poses layer of acy belle snd the skeleton tera of 

‘Sone af the more fine specimens of eer oe Ca 

alovalsia at H (Us Yeh ot Nea is yt ‘sad Schernnits 

oecrbdaya) in Slovakia end ot lorehens nen Blin i Boheria in ne premati 

In It occurs at Ersberg near: the 


reky; a Leoeane in Selby tnd ‘Tyrol’ Ia ltaly on Mee. Somma, Venvin 


‘ihe Se Ti South Dakota? fom 
large at 


"Colorado. 
‘Bromlite. Aint Bey, ly CeOC0sBaCOs May contain small 
ReO0s. 


seoounta of ‘pyran Daly. Baa). 
ino, 508 1870, toed mol Hl nee : 
Fallowheld; near Hexham, N 

‘WITHERITE. 


Orthorhombie, Axes a:b :¢ = 0-6082:1:07902. Crystals always re- 
peated (wins, simulating hexxgonal pyrumids, tw. pl, (110). Also massive, 
columnar or granular. 
ve vase? HNO) distinet;_m(110) imperfect, Fracture uneven, Brite 
= 3-375. = 427435. Luster Mi neote inclining to resinous on 
ESA of fracture. Color white, yellowish, » era . Stresk white, Sub- 
transparent to translucent, Optically ‘pl || (010). Bx, 1 (001), 
W=I6, a=15%, 6 = 1676, y= L677. 
~_ Game. — Barium carbonate, BaCO, = Carbon dioxide 223, baryta 77-7 


Ia 8 aha fo a i 

etc. — BB. fusee at 2 to 1 bead, coloring the flaine yellowish after fusion 
reesei BB: oe charset wish nota fice Suit ont coer Ep ths cot Sate 
Tlcin dite hydrochloric nid; tha olution, even whes, very much diluted, gives with wal 


ebay ih ese iy, ot in ne aren coor 

c ity elerrescence in nel 

tion ofthe Mame BBs Bare biol Ercsitone nad 

Cha Wit of rent merece Tt et compa ful ve 
Temay have been formed by the direct eryataliento from waters 

Sere toatareance ment 


STRONTIANITE. 


Qrthorhombia. “Axeen 2b ;¢ = 0-0000 313 Fie me 
Cryst ‘acieular or acute spear-shay ite. Twins: tw, 
BA, (110) ca som 1on, giving pees type Also eclimanat, Blcpas 
‘and granular, 
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lucent.” Optically — 
p<» small, 2V = 10° Pare 1 
‘Comp. — Strontium enrbonsce, SCO, = Carbon ‘dioxide 20°, strontin 
70-1 = 100. A little calcium is sometimes present. 
Treva to besgonal frm at 020° 


commonly. mene: i elon 


fra 
Stronanie on in Aura Legg in Sle and ati 
sri in Gorm io fats hace kl eH Se, 


CERUSSITE, White Lend Ore. 
Orthorhombic, Axes a:b 


ie, 


oo, LAT = 49° 80I, 
Simple crystals often tabulur || (010), prismatic || c axis; silso pyramidal. 


Suze tw. pile eau and (180) very common, contact and penetration 
twins, often repeated yield- 
ingsix-rayed stellate groups. 

f) 4 H. = 3-35. G. = 640- 
GS74. Luster udamantine, 

Inalining to sitrnoay, rein, or pearly: sometimes subnet, Cole 


Crystals grouped in clue 
ters undugurepates, Rarely 
white, gray, grayish black, sometimes tinged blue or green (copper); streak 


fibrous, often granular mas- 
sive nnd compact; earthy. 
Sometimes atalactitic. 
Cleavage: m(110) and 
1021) distinct, Fraetwe 
conehoidal Very. brittle. 
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uncolored. ‘Transparent to subtranslucent. i s. Ax. pl. |] 0(010). 

Bx, 1 (001). Dispersion p > large. 2V = 8° 14’, The axial angie be 

comes smaller both with shorter wave-lengths of light and with the lowering 

of the temperature, becoming uniaxial in extreme violet at 15°C. a = 

180 A = 2076. 7 = 2078. 

as Neat” —Lead carbonate, PbCO, = Carbon dioxide 16-5, lead oxide 
'5 = 100. 

‘etc. — In the closed tube decrepitaten, loses carbon dioxiile, turns first yellow, and 
ata jut becomes on cooling. BB. on charcoal 
eae pet pth tak St le Sa 

‘Diff. — Characterized by ‘specific gravity and adamantine luster; also by viel 
lead Bi, Unlike selon, teres wi die wei ne 
iia pod? ail yh py dan of ert 


‘sclution into a Jead solution through © porous menbrane; by the action of a earbonate 
‘lation upan a lead plate. 


‘hua beets produced by the action of carbonated waters 
lead solutions, Tt ns also ben noted fas meiawoquatie replacement in ovetonam It 


‘hat they contain can be mentioned here. Such Vocali- 
ties ar Mie ud Petra in Dahemia, Caecholovakis: beng in Carinthia, Austr; 
in Germany at Zellerfeld in the Harz Mia, at ‘pear Bind in Hesea-N: 

‘On, 


At Badenweiler, dn renee at Cfolraut Mines, Vosges, and st Foullaouen an 


Dizehot River. 

“Aung the notable leslie inthe Called States are tbe Wheatley mines, Pbesixvie, 
Peanry anil in fn ervetla ote lage; iy Musou at Joplin and Granby; in Colored 
ETUaLIvais a sheer: in aston atthe Fae amis Pie Coy anlage eystaliog 


‘ames; in erytale ut the Red Cloud mite, Yuma Co; in large twin crystals fa the Oras 


Mix, nar Laue Dona Ana Co,, New Mesieg; i Idaliy lu the Coeur x’ Aleas district 
‘at Wariner and else! 
‘Use. — An ore of lai. 


06254; 8 = 73° 52/, In crys 


pass of calcite, Structurally it shows relations to calcite, dolomite, 


choldal. Brittle. H.= 4. G, 264-300, Laster vitreous, inclining to 
resinous, Color white, grayish, greenish or yellowish. Streak white. ‘Trans 
parent to translucent. Optically —. a = 1525, 6 = 1684 y = 1886, 
‘Ax. pl, 1 (010). X Ac axis = +645, 2V = 15°, 

Cog. Catone fiat ‘and eateium, BaCO;.CaCO, = Carbon 
dioxide 29-6, baryta 51°5, lime 18°9 = 100, 

= ete: — TL, colors the flame yellowish green, and at « high temperature fuses on 

the . colors the aanay resets alkaline after 
Soule diets hyde al with terrence, Dilute cation givee un alsindant 
precipitate, BaSO,. with a fow drope of aulphurie ald. 
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texQht — Osram at Alon Moor in Cumbatand, England, intense with baste ad 
"Blestatosphirite.—B4(CO,),2B40; Ia mpberieal forma with radiated. structure 
‘Gane yatry wo gay ox Hactak trees. Cadet Se gh reeled estas 
Ga FoF” Eli funbla OF ecoodary origin formed by the selon of carhon diese 


Rutherfordine. — Urauyl carbonate, UO,CO. Orthorhomble? A yellow ocher 
sollg tom aerion Sania, Mees PEASE Ges PN et 


tes = 1700, 7 = 1705, nfs From, Ne 
SBE" & catia vate acs i, reperial rm Hina Tounden 


peninsula, portham Rusia. Weibyete forwey, ina related 
aoncinite, A eatbooste of strontium snd the rare 
paral aes, groups. Color pink ta black 

Tnidex, > 1-06. From Ac ‘bear Amibositra, MM 

Pazisite, — A fluooarbouste of the cerium U(Ce,La DOFACa(CO.). 
bedral. Crystals amall and slender. Habit or 
{ally gropredl due fo owalaicry camtinaton of facen ‘len 5 Ge 
(388. Color brownish tw = 1075, «= 1457. From the emer 


4358 mar ~ 
eee cei eae i Soe 


QiSeiy related spaces’ The formas SRVOO.CatDy cad RPCOLESCO, reese 
Giteing ems hatel anata casio id oho ran 
Bertasite. Haimarlte—A Soocerbooste of the cerium metale (RFIOOs. Xm 
stady indicate fganal (envi ca) symmetry. Frematie Tal 
pH aC, = Uae. Cae wargloy io eld aes als 
P= LIT, «= 18i8. Infusihle BE From the Bastate mine, Ridlarsyttan, Varta: 
is rede rom gold sn ofthe Barsovia River pear Rye of 
a Hiuuia Found at various oad ene ee 
{parallel growth with fyoaice in the Bikes Peak tego ts Colrsda 
PHOSGENITE, 


Guinea fro ee ale prismatic; sometimen tabular 
. Normal symmetry study. 
pie : m(110), a(100) distinet iso (001), Rather seotile. H. = 


Comp. — Chlorocarbonste of 31}CO, or PbCO,PbCl = Lead 
carbnnate 499, lea ohloide S10 = 10, by i 


Pyr, ete. — BB. melie tg a yellow globule, which oa vocling becomes white 
sed totaling x Soren nen tai eal ets ol 
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Salem and nt Thame near Quai, South Woot Aven Is fine expat fom Dunas 
‘Teagan; ‘io fore Broken Tal, 

rite Ne NaC, NEG ia Uomeetie cethdeont. HE = 96-4. Go = 

n= 1614. Easily fusible Precipitated frost saline 

season neal ata int of teagoeatum insolation, From Borns Late, San Bernat 


Ang Co. 
tite, — 2NgCO, IN 1. Inamnetsic. Octahedral habit, 1. = 3-5. G. 
MF seer Matha “Very mre "Fron Born ke San Barkcrlsn Coy 
Galton mochied wt wortinpie 


B. Acid, Basic, and Hydrous Carbonates 


Teschemacherte.— Acid ammonium eubonate, HNIECOs. Orhorhomble. Is yl. 
Jowah to white crystals Gow ti Ho = 15. Indies, 1425-120. Prom guano 
rm ie Mc lant ay arom wnt cas Pag son 


MALACHITE. 

Monoclinic, Axes re = 08809 = 1: 04012; B= 61° 50’. 

Crystals rarely distinct, usually slender, acicular priams (wn'” 110 A 110 
= 75° 407), grouped in tufts and rosettes, Twins: tiv. pl. a(100) common, 
Commonly massive or inerusting, with surfuce botryoidal, or stalactitic, and 
structure divergent; often delicately compact fibrous, and banded in color; 
frequently granular or earthy. 

‘Cleavage: (001) perio! (010) less so, Fracture sabconchoidal, un- 
even. Brittle. H, = 354. G.=39403, Luster of crystals ‘ndaman- 
Hine, tnclining to vitreous; of Gbrous varieties more or lest silky; often dull 
and earthy. Color bight green. Streak paler green. Translucent to sub- 
‘translucent to of Optically —. a = 11655, 8 = 1875, 7 = 1-009. 
2V= 43", Ax. pl | ‘Gio. X A caxis = +23"30'. X = nearly colorless, 
F clay Base buprie cerfennts, CaCO, Cu(OH), = Carton dloxide 

wees, buprio.ceteona .Cu(OH), = on 
199, cuprie oxide eae water 8:2 = 100, 
Cuprozineste nnd are nainen given: 


from Tae, none Seth Went Also °C 
aah @ thae of titachite. 


re 
Tra eae Rite ar anuere facie wa open we ined 

ons of the mineral ono mans tiassured nad the portion nea 
el fain a ha hal lio pour ofthe ‘the’ “f mineral. Much of thie material 


‘oe for oriental i seca eyo 
Unis From Betzdorf near Siegen, henutt Prucan” Tota reais fo 
In Cornwall at Liskeurd and elsewhere. At Katangs in the In Northers 


In the in 
Berks. in Shrous radiating masses; in the copper mines of Ducktown, Tennessee. In 
iiecn Shastra te ey clr ean ene te Copper Quen 
imine Bisbee, ‘Co.; lay fx Greenlee Co, wt Morenel (0 tulle from Clifton ia wale 
titie farms with mulachite and agurite in concentric bands; also in the Globe district, Gila 
Gi pobre From hen Uh a ipo soa 


mm”, 110 \ 110 = 61% 06". 7 W, 023 A 033 = 61° 00" 

ee OO A 101 = sr 08% peta A bat = 20" OO, 

Crystals varied in habit and highly modified, Also massive, and present 
ing imitative shapes, having columnar composition; aleo dull and earthy. 


198 ™ 108 
TE) BO 
Cleavage: p(021) perfect but interrupted: o(100) les penfet. Fracture 
conchoidal. “Brittle. “H, = 35-41. G. = 377-980, Luster vitreous, al 
most adainsntine, Color various shades of azure-blue, passing into Berlin 
blue. Streak blue, lighter than the color. Transparent to subtrunslucent. 
Optically +, a = 1730. ¢ = 1758. y= 1838 2V= 68°, Ax. pl t 
(010). Z Ac axis = —12" 20’, Horizontal dispersion, p >. X = Y= 
pseerveleray ET eta 20 160}.Cu(OH): = Carbor 
—Busie cupric carbonate, 2CuCO,.Cu(OH); = Carbon dioxid 
25:6, ouprie oxide 002, water 52 — 100, . . 
yr ete. — Saino usin malehite. 
Bt cane ang bby its blue color; effervescence in nitrie seid; copper renetions 


” Astit, — Azurite hi been formed by allowing a solution of copper nitrate ta lie in edn 


tick with Fnigmenta of ealcite for several 


tn New South Wales ut Broken 
‘in South Australia at Monn, 


ited States ure few, the a zona as 
et few, the chiet being in Arizona ut Blahee and 


Rina real pee 
Rosatite, — (Cu,20/00,(CuZ0)(O1,. Tx mamillury spberules. "These break up into 
el a tae es 
SELES Ss he tias neee 
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‘Aurichaieite. —A basic earbonate of sino und ¢p p 2(Zn.u) (Za, Ca)(OH) 

ce al aaa 

Sein ogee eae 

gn te nie 
cis 


f Chatter Co, Colaruoy In New Mesa at ally 
Vital ai Big Covtonsiood, Salt Lake Ca. and at Stockton 


(ON | Ceystalugrphe wd 
arety of wu yma ar ae th To i vee 
arity of a ze raltte tha Paden parallel tom pect 
Been or (0). ually rast Aus ene cn ie tt 
= F538 W,= 2-25. Infusible BB. Color 

Gputcatly’—" Iedloes 168-278. BV m= AO AS pl 1 tal gh 
trlitinetian of elongation of eryial biules Hiydnuriscite i f secondary ors, 

Thy the atterstion of ite, Fp cemepenlcheh tpt reg 
Ie Fane ccc han here ee riper oni fr aca 


Roce lcledo sense in Curtain Russa 09 Sarin at Ste Stal 

ea so oe ton 

found at lennville, Lehigh Co, 

ae at 0 }CO,SOMn Zn) (OF) eee alo a it i pon 

Me Cee totaal tania Web wean Ge eae, 8 Cole Mah 

Mra ee MET fo w= far, 2 ida, s = 176, oud wi 

Forel, ous BO red bday Cie New Sey. 
Oni htt eitate of ancora eupntions Is rt sal 

rina harbor ‘Sor white io road "Froe Yau near Ota, 


Soh Welt Afries. 

Hytoceruat.— A base oul sttonsn, 2FUCO.PHOH Hexen {ehomo- 
edit). “a thie florins hexagonal plate. fnsil cleavage. He~3'5, "G, —=6'5, "Ope 
toeehccactiectael akc a Neaan i en ol ‘acran 

ya Seotland at aften ui fom aa Lanark (3 eee 


fre 
eyed from the Mey il Sere, 
mana Ae geen of ft sham PAR CO “it a 
anal speroal ara nefulareryatale | Cole whi 
Bre earl cexrvatr ot malady Cadarvonhce, Wale Wana, Desa, 
seas, an Count Gn, Eran 

‘Da ‘ faae tirbonate of aluminum and satin, NeaAK COs. 2AKOH 
Code ah eet of wie rai Minded cps, 
Toad y = 50 BY = 7 


Fei Alger ound nee eho river, Mo 
“i aera A kya gute of pe dt ae ta tn 
oa ae ra, Cee per 0 
0, “Erol oe ih a =| 
ip on rex a ey ay i ay i 
wich alin te 
Teegreneite— tym sium cena, COI, Orr 
Pesta ie? Pee Oa 
Fda) 3 ese Cetut  vtion ine; al as an eRlarmene over He siti ay 


sayicoms agar on ie igCOTaHA, Oi eb, a 
oe vaso isto 

py itmnie cea enrages (1) piety (1) ae 
ere Pee rere a aie 
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aan, From aoa ne at Nequcoing, Shey 
NusC0, 1088.0, ature oa. ix 

ia it ae wed 


Nu.C0,2140, In pramatiocryntale, orthorhombic heaimorphic. 
E (sXe tp Wille Of Oe eee ke 
St Ae POON eb a "iii, San Bernardico 


14807 + 14442; 6 = 78° 27', 


‘10.0 110 = 111" 10". 
"LL A oft = 109" 307 
fe, MOA GM = ame 3 
me, TA Ti2 = oo 207 


reals often elongated || a axis; also flattened 
call CRESS juseersgen Sr ae Navi inte 
H.= 23. G. = 19-195, 


‘Streak uncolored to grayish, Trans- 
lucent. Optically —." a = 1444, 
ie = 1516, = 1523, poe 

Riese strong, p< v. 4+ 
(on a Ne caxis = —14°. 

Hydrous carbonate of 
calcium and atm, CaCO, NCOs 
5HO = Calcium carbonate 33'S, 60- 
ium carbonate 358, water 304 — 


100, 

Bri oe. Mantel in a cla tube dermitatcs ox becomes BB. fuses 
sul 1 white tame, color th fare ately yellow. solves im acids with 8 
Srak efferveseence;_ party soluble ia water, and reddens 


é 
rics eaaepeta eg ah iii 
=o Cah eedagdiarclahiigaenia 


Yellowish am tea taste alee 
rere sre a wear 


prt crayon 
TRONA. U0. 

Monoclinic, Axes a 2b :¢ = 28460: 1700; 8 = 77° 23", 
3, 001 A 100 = 77° 23", 


SMES 


Ta plate | (001) longed ana often Sbrous ar columnar maasve 
Cleavage: COO baees (111), (001) in traces. Fracture uneven, 
subsonsholdal. “H.—25-3 G.—2U-214. Laster vitreous, gistening, 


i 


te certain sand with iro, Umea 
fete, und thonardite ining the walls of sn old tunnel about 0 rile weet of Naples in the 


Jeremie Cp, Renaapteanias seo tually of Hobaken, New, Jarey, Tn California 
Livermore, Alameda xe Mates al clewy similar from daline cris on lava at Alphar~ 
‘ea, Sori fd, hp hon called ron 
| Hyoaogonierms.” Mieco yi. in spherical forma 
era of Pellens, Vesuvius, 


au erate Fame 
Beceem, eri, Drea is Hp ie, Sere 
{Shit they ssrnen bry try, me 
Seeing Staonal ae 
fra, Hema es, Mie ci Sater Oe 
a iss OF 
AS gar ata tote etlan® aad 
runner aC. Nn Se Wow Ree 
rly ris pl cin th tie a 
Soak Cette el oat 
“A basio by lohum, magnesium carbonate Rhornbohedral, vag 
Seen Ener ee cio 
near Plakee, in the district Goraki-Kotur, Croatia, Vugoalavin. 


By = )».5Mg(OH) At ‘He alist, masaive, 
oc Tlintectwoewat Revue Fuca Gael Seevage “Cae while Pasi tee 
ey eeR a eden hy Sette eae Tsou 

Hara Balaral, Noreay tnpersenton “degen w a sraeinch 
(ierie. on acon ara Nomn in perm npc mince 
counties, New York. 
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Pyroaurite. — MgC0s. (OH) +40. studies 
cope pi tt tea gl oral ‘es 
oaeloncktows.” Luster peady to grey. Oneal ss we Tae. S38 ECS 


Taster 

Sok BA, ialuale.  Ooture fy Verminad, Sweden, ai tan i gollike mab 
snetbic pelos. pyrocort), tat the Bete ane 3d Newsies "is tad totes Sie 
Alivery efite eolot in sapeotinn on Haal-Geunny sort of Feta, Sheuand Glenda’ Sot 
ined Ugrsromin 


ars 
to On gadotaive ab 
‘Ssjated ith the gndliite of Llano Coy Texna 
Bismutite. — A basic bi pe Bi0.CO-H.O.  Incrusting fibrous, or 
fusible.» Color white, greet yellow ad 
Tinta, fs, Hong |Z Mo Ini fr Bre 
‘UF secondary origi, bring derived ehiedy by dhe alteration of PisuntQinite and native 
fi Fouad im Bohemia st Jouchinatal (34ckymov) and ot Ulermeuth near Himek- 

berg, Thirngin, in Sexmoy at Schneebarg and wat, “Occurs in, Franee at 
Meyinae, Corre, and hy Cornwall mz St Yast und Redruthe From Middleses, Tesqeua, 
In Bolivia at Taxi, northwest of Choroique and at the Sat Ballowero tine, hear Sonata 
From Durango, Mexico, in the United States in South Curolina at Brower's mine, Chester- 


field Co.; ta Gaston Cow North Carolia, From Mohave Co. Arizona. 

Hasoiuswertre. A basis bimnth earbana\e, 250.0, 40. Orcura as a coment be 
tween erytale of beryl from the Sherlov Mix, Transbeikala- 

“Uranithalite.— 2ca0,,U(COd).10310.” Orthorkowbie, Tn scaly or granular erve= 
tating ageepats | Clenvnge (100) dine. = 2-8, ine © Color le 
green. Optically +. = 10), 3 120K = 40", “X /aaxia. Occurs 
‘Sa uranialte at Toschinutal, BoNerin. Lib t 


the sane epevies. Oceure sie A:tsisnople, Thine, Greece; in Bohemia at Joaeli 
‘Vogiite.—A. hydraus carbonate of uranium, esleium and eoppre. ‘Trilinle? In 


nuzregations of crystalline seales Soft. BLB. intusitile. Color to bi 
ere eae a PN A ath ak 5 5 na 
Pregl malt” Ficscioie = Pm tack ee 
Cena ioc incre, rami, 
Oxygen Salts 
2, SILICATES 


‘The silicates eomprise the largest chemical group among minerals. ‘They 
show «wide range in composition which is frequently yery complex in char 
acter, Recently, however, X-ray investigation has revealed important funda 
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‘mental facts concerning their atomic structure and thrown much light upon 
the intricate problem of their composition. It is now established that the 
fundamental scvcteal te of al elicates as n etraheral shape with four 
‘oxygen atoms surroun ‘atom of silicon, But these SiO, groups may 
bp linked together in various ways to form indefinitely extonded series. In 
the orthosilientes these SiO groupe occur independently with relations to the 
other elements asin an ordinary salt, such as 4 sulphate, a carbonate, 
etc. In other types of silicates, however, the SiO, groups nre litked together 
by having one or more atoms of oxygen shared in common by neighboring 
groups. If two adjacent silicate groups have one atom of in common, 
individual groups with sych formulas ns 8i:0s, Sis, SiOx, SidOue may occur. 
Further, the S10, groups may form chains in which ¥wo oxygen atoms of two 
adjacent groups are held in common. Single chains of this type with « com- 
Position corresponding to SiO; occur in pyroxene. In am) two much 
chains are linked together, giving a composition represented by Si,Oy. Such 
Ghai may be further Linked together to form a sileoo-oxygen sheet thought 
to be characteristic of the micas, with » composi Si0s. the 
linking of the silicon-oxygen chains may take place so aa to give rise to a three 
dimensional network. Such a grouping is characteristic of the different forms 
of silica (quartz, tridymite, ete.), and by supporing « partial replacement of 
silicon by aluminum an extended ucid network may be obtained into which 
basic atoms can be introduced. ‘This latter structure is supposed to be charac 
teristic of the zeolites, where metallic atoms may be artificially substituted for 
each other and the water content varied without disturbing the fundamental 
structure. In these various silicor structures, metallic atoms are 
placed in such ways as to bind the whole structure together, It hus been 
shown that where leomarphour replacement tukes place the number of oxygen 
atoms (including F and OH) remains constant for each unit coll of the struc 
tare, Varitions in composition may involve the substitution of Si by Al 
of Ai, Me, and Fe by each other, of Na by Cay etc, A general statement by 
Bragg" is “ that 2 silicate should be rogarded as a structure having a constant 
nt of oxygen atoms in the unit, with a constant number of places for 
metal and silicon which can be filled by these elements in varying proportions 
‘consistent with a balance between valencies."” 

Tt can be seen that this view of the stricture of the silicates largely dos 
away with the customary assumption of the existence of distinctive silicate 
‘acid radicals and ulters greatly the usual method of the classification of the 
silicates. Such a study of the silicates is, however, only just begun, and the 
time has not yet arrived when a fundamental reclassification can be attempted. 
‘Therefore, in this edition, the usual chemical classification of the silicates has 
been kept, but short statements concerning the new facts of structure and 
relations between species have been introduced in their approprate places, 

‘The silicates are in part strictly anhydrous, in part hydrous, as tho zeolites 
‘and the amorphous clays, etc. Furthermore, a large number of the silicates 
eld more or les water won ignition, and in any cuss itis known that they 
‘are, therefore, to be regarded as basic (or acid) silicates, ‘The line, however, 
between the strictly anhydrous and hydrous silicates eannot be sharply drawn, 
fince with taany species which yield water upon iguition the part played by- 


gergreph hae bean condenged rom an article entitted, The 
in Bragg, Za. 


"The substance of thine 
‘Stractur of Silieates, by W. Br, 14, 257, 1900. 
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the elemente f the water is ns yet uncertain, Furthermore, in the eases 
of several groups, the strict ent must be deviated from, sinee the 
relation of the species is best exhibited by introducing the related bydrous 
species immediately nfter the others, 

‘This chapter closes with a section including the Titanates, Silico-titanat 
‘Titano-niobstes, efc., which connect. the Silieates with the Niobates an 
‘Tantalates. Some Titanates have already been included among the Oxides. 


‘The Drsnzcarys, RSiOs, aro nalts of disiicie acid, H,Si:O,, and have an 
oxygen ratio of silicon to bases of 4: 1, as seen when the formula is writes. 
after the dualistic method, RO.28i0,, 
‘The Pouratscarss, FSO, are salts of polysilicie acid, SiO, and 
‘have an oxygen ratio of 3: 1, as seen in 2RO.3Sil 
‘The Metastuicates, RSiG,, are salte of metasilieic acid, H.Si0,, and have 
an ratioof 2:1. ‘They have hence been ealled bisiticates, 
‘Onruostiscares, R.SiO,, are salts of orthosilice acid, HSiIO, and 
have an oxygen ratio of 1:1. They have hence been called univilicates. The 
tusjgity of the aliens fal into one of the lnk to groups 
‘urthermore, there are a number of species characterized by an oxygen 
ratio of less than 1: 1,eg., 3:4, 2:3, etc. These basic species are grouped 
su Somuticare. ‘hdr true poston it oen in doubt; fa mot case thes 
are ly to be regarded ns basic salte to one of the other groups. 
The nbove elumification eamnot, however, be earried through strictly, since 
there are many’ species which do not exactly conform to any ane of the groups 
pamed, und often the true interpretation of the composition is doubtful 
Furthermore, within the limits of a single group of connected closely 
in all ementin! characters, there may be a wido variation in the proportion of 
the acide element.” Thus the treiniefeiepars, placed among the polsil- 
cates, range from the true polysilicate, NaAlSiOs, to the orthosilicate, 
CoAUSi0,, with many intermediate compounds, regarded nx isomorphous 
mixtures of these extremes. Similarly of the seapolite group, whieh, how- 
‘ever, is included among the pei alai aa ‘the majority of the compounds 
observed approximate to that type. The micas form another examp) 


L. Disilicates, RSiOs Polysilicates, SiO, 
PETALITE, 


Monoolinie. a 


in, . 
Laster vitreous, on (001) pearly. Colorless, white, gray, occasionally reddish 
or greenish white. Streak uncolored. ‘Transparent to. traaalucent. Op 
tioaly ba = 1504. f= 110, y= VOLO. 2V.~ 83h". Ax pl 
G10), XA a axis = 2-8. 
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‘Comp. — LiAI(Si.0,)s or Lis0.ALO;8SiO; = Silien 784, alumina 167, 
lithis, 4°9 = 100. 
When heated becomes iil between 1090" and 1100" apd intranle af 120 


eats tented eite blue BI fines lly 
Ce Leer as og hairs 


— NARS 
i ty Lamellar twinning on 
Pip nte 
pL |) OW). ZA cae 
gta ‘oo. the inland 


oe epdidymite, — Sane Seek emma eee 
‘Yooviges, (010) und (001), Hn 25. G, = 205, Easily fusible, Spl 
and (00), peek AL 2 mae ly 


© 8 
Orthoclase ere, P1LOB554 116° 3 
Soda-th Na) 
Hyalophane (ee JALSiOx 0-068: 1: 05512 118° 35! 
1a) ALSiOse : 
Celsian a0 O87 FL: 0554 115° 2! 
Earl ‘Trilinle Section 
Microcline 
Soda-microcline hae Tee sisi0. 
Anorthoclase JAISI:Os 
nay ss! 9° 
116° 23" 90° 5° 
116" 20' 59° 59" 
116? 3° 89° 
Hed oat 


115° 65" 91° 12 
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The general chamcters of the spocies belonging in the Teuoaran Gnovr 
sare as : 

1, Crystallization in the monoclinic or triclinic aystems, the erystals of the 
different species resembli gach other clowaly in angle, in general habit, and 
in methods of twinning. ‘The prisinatio angle in all cases differs but & few 
degrees from 60° and 120°, X-ray study of the Feldspar Group shows the 
close similarity in structure that exists betsveen its members, Four molecules 
are contained in the tnit cell. 

2, Cleavage in two similar directions parallel to the base e{001) and clino- 
pinasoid (or brachypinscoid), (010), inclined at an angle of 90° ot neatly 90°, 
8, Hardness betwoen 6 and 65. 4, Specific Gravity varying between 26 and 
249, and mostly between 2:55 and 2°75. 5, Color white or pale shades of 

low, red or green, less commonly dark, 6, In composition silicates of alu- 
minum with either potassiun, sodium, or calcium, and rarely barium, while 
magnesium und iron are always absent, Furthermore, besdes the several 
distinct species there are many intermediate compounds having a eertain 

we of character and yet connected with each other by insensible 
tions; all the members of the series showing & close relationship not only 
composition but also in crystalline form and optical churacters. 


above): OnrHoctase, potassium feldspar, and Sops-onrHochasx, potassium 
Slax isanen alee Hvauopuane aad Gusta, burium 
‘The triclenic species include: Microctae and ANoRTHOCLAsE, potessium- 
sodium feldspars; Aunrre, sodium feldspar; Anorrurre, calcium feldspar. 
Also intermediate between albite und anorthite the isomorphous sub- 
species, sodium-caleium or calcium-sodium foldspare: Oxicocuase, ANDBAINE, 
Lanrabonrre, Brrowntre, 


Mt Sci 

ORTHOCLASE. 

Monoclinic. Axes a:b; ¢ = 06585 : 1: 0°5554; @ = 63°57’, 
mga fee 

Dares 


Twins: tw. pl. (1) a(100), or tw. xis ¢ the common Carlsbad twins, 
sither of regular penetration (Fig, 807) or contact type: the latter usually 
‘with 6(010) a5 composition-face, often then (Fig. 808) with (001) and 2(10)) 
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nearly in a plane, but to be distinguished by Tuster, cleavage, ete. (2) n(021), 
the Bareno twins forming nearly square prisms (Fig, 800), since on = 44° 564", 
‘and hence eo = 89° 53°; often repeated as fourlings (Fig. 473, p. 192), also in 
Square prisms, elongated || a axis, (3) e(001), the Maneback twins (Fix. 810), 
usually contact-twins with css composition fuce. Also other rarer laws. 


[ATEN 
PY kN 


often prismatio || axis; sometimes orthorhombio in aspect (Fig. 
05) since (001) So) anaes ae eral angi tt rete 
xis; also elongated || a axis (Fig. $06) 10) and c(001) nearly equi 
developed; nlso thin tabulur || (010): rarely tabular e(H00), a facy nok 
often observed, Often massive, coarsely cleavable to granular; sometimes 
lamellar. Also compact erypto-crystalline, and flint-like or jasper-ike. 
Cleavage: (001) perfect; (010) somewhat. less so; prismatic m(110) 
imperfeot, but usually more distinct parallel to ano prismatie face than to the 
other, Parting sometimes distinct parallel to a(100), also to a hemi-ortho- 
dome, inclined » few degrees to the orthopinacoid; this may prodiice a satin- 
like Idster or schiller (p. 275), the latter also often preseut when the parting 
is not distinct, Fracture conoboidal to uneven. Brittle. H.= 6. G. = 
2°56 (adularia), 2:57-2'58 (sanidine). Luster vitreous; an ¢(001) often pearly. 
Colorless, white, pale yellow snd flesh-red common, gray; rately green. 
ee ate 519, B= 1'523, y = 1525, Slightly: different for 
ia, a = 1519, B= 1528, y = 1525) iy. different 
sanidine. In adularia the ax. pl. is 1 (010) with Z = b exis; inclined only 
fa few degrees to a axis (+3° to 7° (cf. Fig. 811) oF 
in varieties rich in NaxO from 10° to 12°), 
angle variable, Usually 2V = about, 70° When 
adularia is heated the axial angle diminishes be- 
‘coming 0° between 600" and 800)" C, Beyond that 
point the ax. pl. becomes || (010). Sanidine has 
this orientation for the wxial plane with a small 
value for 2V. Dispersion p > 9; horizontal, 
strongly marked, or inclined, aecording to position 
of axial plane. Optically —- Foti 
Comp. — A silicate of aluminum and potassium, 
‘KAISi0s or K:0-Al0,,6510, = Silies 64-7, alumina 
184, pata 18 1 Sodium is len also 
resent, replacing part of the potassium, and some 
times exceeds it in amount; these varieties are embraced under the name 
sodn-orthoclase (the name barbierite has been proposed for the monoclinic 
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phase of NaAISiOs whose existence is known only in crystal solution in 
‘orthoolase), 

Ordinary orthooluse and the variety adutaris are tho low temperature forms of arho- 
clue.” When crywullization takes place at high temperatures of crthoclase ta heat to 
shout 900" the vans saniine fe fers. "Sasdine docx nok ealy change to rtbo- 
‘lg on conti 

Var. The prominent varieties depend upon crystalline habit and method of occur 
rence thors than upon ilference of eomtpeitg: 

“Aduloria. ‘Tie pure oF nenely pore pam aliente. Caually i 
often with vicinal pla 


haven twins commen, CG. — 25 


‘etn 
atroam sian stream), 
‘G_ Leorthove of isorthoelase in nid to be w veeinty that ie optically -+, with 2¥ small, but 
otherwise like nilulara 
"Ordinary. "Di crystals, Caslaba and other twis 
lor from white to pale yellow, ted 


ibe aveeiurine 
Unually containen 
ptoceystalline orthoclase 
asnived with isrtes of 
hat tan bean railed ortho~ 


haunt 
; with koldsjallow reflections tn « direction, 
B01; froen 


‘These ate shown in Figs S12 and 813 (from Tddings; mush mayalied) ae they appear io 
polarieed light (ermesed nieuls)” 


Pope Bi lo a Sarin contain teh sae ue Loe 
glam Tien at 4, Not aeteeh upou by ac wet powdered gyyerum r 
JB. giver violet potassium flazhe viable trough bus laan Ach 


‘of the frst order — hetioe lower than 


light od Ine the dgtinetclewvagee 
inl te Teequrcly Catal end 
‘hye to alteration frona weathering? 2s 


Cae peiclctnels enka C fae barb 
Triana 
‘iter Orthoelase 


‘peeudornorphs after 
orthoclase, and tamiterite and ealeite often repluce these feldspars by Pome process of solu~ 


‘Obes, — Ortoclase is formed during the crystallization of moons taki by 


clylie and hydrothermal agencies in pegmatite veina aud in druses in And more 


Common constituent of igneous ding maet frequently found in the nore wllceoue 
‘teal rocks, bu al found in fay eruptive nad metamorphic rks. t corurt 
{ha essontial constituent in , ntias, ayenite;, alm in porphiytien and iu the varicly 
niding in trachy' fe, oben Addario ristieally found in th eavitioe 


Freee lt able eed sgn hom ext erator vena th the mami Ea 


‘ric 

Trachyle. Temquenlly showing eryatal forms, are common in the 
He Sac", LATE tometians found aa oven conalituent. Fragmenta of oetbocise 
22 fod in the ner siesta rocks or sans, aga, none 


“ 
Tu, 
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[Tee.— Tn the manufacture of porcelain, both in the body of tha ware snd in the glaze 


ow ite aurface. 

Prurnirs., As first described, = flesh-red aventurino feldspar from Perth, Ontario, 
Gsnads, called » aoda-orthoclase, but shown by Gerhard to consi of intertaminated ortho! 
lase arid albite. | Many siailar oceurrences have since been 


and ortholase | (1), not discernible by the microxcope (Cuptoperthile, and ponnected 
‘with secondary planes Gf parting |) (100) oF (01), iably to bo explained de to 
red erg dor A perce iemperatures nny’ bold 

ely alte), which af see temperatures sees 

& the sane moovelini Inttce as crthoelane. Gu cooling, however” unstable com 
diclce tay root, ad the daglved tclecles nay separsee sel Oe es a 
slinle lnttices” ‘This seeounts for the intimate intergrowth of different feldspaes shown is 

pertites, 


a 
ill ba. yw TeaT (or rls. 

bre cantlsing 10 per cont RAIS.) 1 (O10). Z~ baie” X Aa nb ta O° 
‘Qgours ln a granular dolomite slong with barite, ete, eat Imfeld tp the Bianen 


Switzerland, Alm from Swoden at the mangangse mine at Jnkobeberg la tho 
Nordmurk district, Vermiand; also at the 8j0 mines near Orebro, ta Orebro, Noted at 


" 
Geltiaa, — BAAISiO, similar in composition to ancrthite, but coataning bariusy lo« 
fiend of calcium. Maneckine, In erystalaabowing unter f foray wateaak 
to" Cashibad, "Menelach aad Baveao lama. Ustally chevable, waiver fe ean 
bt, 2 Aas St Se! Hom iethalar, othe Renita har fee 
Beutin.” Nana tryererhoanpves to msaorer a sakes in ace oman 
from Cindogii, Tooe valey, Pedinont, aly nthe saine pes, 
fe 
MICROCLINE. 
‘Triclinie. Near orthoclase in angles and habit, but the angle Bo(010 A 
001) = ubout 89°30". Twins: like orthoclase, also polysynthetie twinning 
Pr ‘nocording to the albite and pericline laws 
(p. 542), comman, producing two series of 
fine tapering lameli nearly nt right anglee 
to each other, henoo the charneterstie 
grating-structure of « basal section in polar- 
ized light (Fig. 814). Also massive cleay- 
able to granular compact. 
Cleavage: (001) perfect; 6(010) some 
What less 90; M(110) sometimes distinct; 
‘m(110) also ‘sometimes distinct, but. less 
easy. Fracture uneven. Battle. H. = 
One = Bq Luster painiy 
on (001) sometimes pearly, lor white to cream-yellow, 
green. ‘Transparent to translucent, ‘Optically’—. Ax. pl. nearly” perpen: 
dicular (82°-83°) to 4(010). Z inclined 15°26’ to & normal to (010). 
Dispersion » <v about Z, Extinotion-angle on (001), +15°30'; on b1010), 
+°-6* (Pig. 819, p. 542), a = 1518, 8 = 1522, 7 = 1525. 2V — 837, 


ietdopar NoAISAOy ad RAISDy the sodium silent ually 9 
Safes of alti tod erthociae olor Ea: 
‘vey eal amon 
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‘Tschermak first established the isomorphous relations. between these two 
molecules. X-ray study has shown an identity of structure throughout the 
series, The sodium and calcium atoms, an the one hand, and the silies and 
aluminum atoms, on the other, may replace each other in the structure. 
Various names have been given to minerals fg ‘in certain positions in 
the isomorphous series. ‘They are given below with the approximate range 
in composition commonly assigned to each, 


Albite Molecule Anorthite Molecule 


Ausrre, 100 to 00 per cont 0 to 10 parcent 
Oricocuase 90 to 70 per cent 10 to $0 per cent 
Annesiscn 7010 50 per cent 30 to. 50 per cent 
Lannavoners 50 to 80 per cent 50 to 70 per cent 
Brrownrre 30 to-10 per cent 70 to 90 per cent 
ANonrirre: 1 to Oper cent 90 to 100 per cent 


Tom abite to, anor. 
te with the progressive 
shungein composition (aleo 
specific gravity, melting 
points, ete.), there fs-also a 


] certesponding. change’ In 
crystallographic form, and 


{in certain fundamental op- 
E| tical properties. 

Crydaltine Form. — 

‘The axial ratios and angles 

bio on . Sree bat 

ae ine eons 


Paha cas inate ciecin (Ee DS onl proach orthocle 


ay Pl esc in polar tig. fort, the most obvious 
ete E difference being in, the 
‘cleavage-angle be (010) A (001), which is 90° in orthocluse, 86° 24” in albite, 
‘and 85° 50" in anorthite, sca ia cae ‘a change in zoe ‘axial angle 5 ‘which 
is 88° in albite, about 90° 
‘in oligoclase and ande- 


sine, sel ‘91° in anorth- 

‘ite. transition aj 

ee LEA 
in the position of 

“ thombie _seetion,” 

whieh the twins accor 

ing to the perieline Ine 

‘are united ae explained 

below. 


Twinning, — The 
S17, rhombic metion in abi 
wee twined i accor, stati Pg, a, tpi orm ne tea 
‘with the Carl 5, extinotion-irections on (001) and xeioy 
Bava, and Mandi laws common with oboe (. 52). Twinning 
Aas uiaoet atvicaal apotoing tr tha lies tae twdnsteg:plaat te 


= 


brachypinacoid; this is 
fe,.repeated in the form 


SEE EE ES EES 


sILIOATES 


* 


Yhueoteys 
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Optical Characters. — There is also « progressive change in the 
of the X aud Z directions and a consequent change in position of 
axial plane in passing from albite to anorthite, This is most simply exhi 
at oa es am 


by the position of the of light- 
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the sunromterenrsiynesbap thee the composition is the specific 
‘This is illustrated in Fig. 820D, 


In the majority of eases they are easily told by the parallel bands or fine 
ener erenee coc ered ane ee 
a pe ere cae ieee ae ae 
ee hae hey ore rere 
‘ninerale "Foti ae raat eubgptes fem ira 

Sg edly Geet 
ieee apoio aeceae 


{fetoot) and (010) "be dove by Therion mgs 
i Sead Fig. 610) pierre cis te np ble se 


Eiatsd tx the varia tein devoted 

ALRITE. 

‘Priclinie. Axes a =b zc = 0-6335 = 
y= 889", 


10 A 001 = a5% 24, 
i, 10 A 110 = 59° 140 


bem," O10 A 110 = GO" 26° 
a, OO A Ho = eos 
OL A ToL = 82°16 
"Peas wiki acotis 
alo very common, the tw. 
pl. (010), albite las (p. 542), 
nelly (sete ood KL 
lysynthetic, consisting 
thin lamella: had with conse- WS na 


oes ac veadione on OND 
. 830); tw. axis b axis, pericline law, contact-twins whose composition- 
teeSis ths shombie seaion (Pow 817 and 682); often thetic and show 
am ing fine srintions which on (010) are inclined 
backward 22 to the edgo by 
gated || Sens naia the wit ci, ae yey 
a in the variety peri 
manive, ether lamellar or granular he Ie 
mina often curved, sometimes divergent; 
ula vai ‘eoablonally quite fine to impal 
ic. 

Cleavage: (01) perfect; (010) somewist 
teas 80; m(110) imperfect." Fracture uneven 
to conchoidal, Bnitic. H.= 665. G.= 
2-00-262, Luster vitreous; on a cleavage sur- 
{ave often pearly, Color white; also occasion- 
ally bluish, gray, reddish, greenish, and green; 
sometimes having a bluish opalescence or play 
of colors on c(001), Streak uncolored. ‘Transparent to subtranslucent. 

‘Optically’ +, Extinetion-angle with edge b/c = +3° to 2° on c, and 
= $20" to 18 on b (Fig. 817). For position of axial plane, etc, se Fig. 821. 
Dispersion for Bx,, p<; lso inclined, horizontal; Bx, ¢ > 0; inclined, 


05577; a = 94° 3", 6 = 116° 20/, 
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crommed. ee = D525. B= VQ y = 1596, 2V— 70", Blrevingence 
weak, 7 — «= O01, 

Comp. — A silicate of alumitium und sodium, NaAlSiOs or Na:0.ALOs, 
6Si0, = Silfea 687, alumina 19°5, soda 118 = 100. Caleium is nsually 
present in small amount, ns anorthite (CaAlSi0)), and aa this increases it 

raduates through ofigoclase- 
albite to oligoclase (cf. p. 
547). Potassium may also 
be present, and it is then 
‘connected With anorthoclise 
‘and mieroeline 


pT eevee 


. 
! 
n tabolae | 10), “The masdivd forms are umtally neark 
st elite. Mamet ema eeNceks 
ql enh 

See nr hears tee 


ogee feldspar 


‘rom hot uqueous lutions. Also it 
and 


‘Alig very commen in tn ocerense ant ony te most localities ae sen 
here Some of the roel if Basopana convenes er eaves ad ee 


‘ete, ‘Thus in 
e ‘Switserland lu the Bt. 


i 
: 
i 
i 
i 


», In Virgin 
ore State 
Seas cent Rosen aa tiuee ee 


F 
9 
i 


‘Une, — Same ns orthoclase but not m commonly enployed; some varieties which show 
‘nn opalescent play of colors when polished form s part of the ornamental material known as 


Since these do not constitute definite species but represent instead only 
certain sections of tho albite-anorthite isomorphous series, it seems best to 


euused by. 
various minerals. These inclusions lie parallel to (010) or on a plane in- 
clined at 15° to b, Varieties with aventurine reflections also orcur. ‘Trans- 
parent to subtranslucent. For the optical characters of the series see p. 544 
and Figs. 822-825. 


Comp. — For variations in composition seep, 542. A small 
‘of the potash fe molecule is very commonly’ present) alo rarely the 
barium feldspar molecule. 

ry ete. — Punible in thin 9 with increasing difficulty toward | sorthite. 
syne eR tien hres a lee 


notite, andesite, basalt, etc. At tints it ix found ia. amy Such rocks are most 
emma tenon he formations of the era ned are tbe found fn eater Casas, 
northern New York, Gremlund, Norway, Sweden, ‘ete. It seldom occurs in dis 
tinct erystals. ‘Thete are, However, found in the’sshes of ‘Monti Rows on Etna in Silly; 
in the quarts andesite of Verespatak, northeast of Abradbiny, Sichen! 

1 in foand i cewvable nee requently ity of colony, nt varie 
‘our places, the most famous being in eastern ‘where it occur over 

fable area fo an anortboaie by ‘suanetite. Also 


M. -retre. In colorless isotropic in meterorit tiny labra- 
ror Soren isch est composition Near 
sorte "Probably representa m round feldspar rather than nn acpi ease 


ANORTHITE. Indianite 
Axes a:b :¢ = 0°6347 : 1 :0°5501; a = 93° 13’, 6 = 115° 553/, 


010 A 901 = 8550: 
Tm! O19 A tH8 = Bs. 
omy OLA 0 = ae 
if, O01 A 110 = 00° 397 
Sy OLAS = Sia! 


‘Twins as with albite (p, 542 


framblc fants (Pig ny 
ele 

384, p. 164), less often’ elon- 

[b axis, like peri if. 


girnk uesord:Tranapare to rapaent 
on of a pl. soo | Eitiiton angles 

on t/ey_ on b(010), ~38° (Fig. 819, p42). Disger 
Sionp>s. 2V— 77. a= L875, B~ TSS. y= 158k Birefringence 

Clery A ona of shite‘ elem, CaALSist ce GLOGS 
Coma — A stoata of slenitiann od alsin, 
‘BiO, = Siliea 43-2, alumina 36-7, lime 20-1 = 100. Sotin (as NnAlSicO.) 70. 
usually present in small amount, and aa it increases there Is a tual transi- 
tian through bytownite to labradorive.” A small amount of SAISWO, usually 
pont 


es Ant dtd th : 
Ars ete th lam lef Me SVs 
‘Ganile is white, grayieh, of reddish graaular anorthite from India, where it occurs aa tho 
Se aay Somae ear heer eee ae a 
Peep gee goin, 
RET en SCS oie tenth ntti ler 
fe ig rea ml esc tok, een he eek 
walle fs ee piers S “= 


‘Anemousite. — A feldapar having the compesition, NsxO.2A0.3AO,2510,, This does 
sot gree any pon mi fe or Th ead 


ephelite) 


TL Metasilicates. RSiO; 


Salis of Metusilicic Acid, H,SiO,; characterized by an oxygen ratio of 2:1 
forsilgon to bass, ‘The Division clogs with number of species in part of 
somewhat doubtful composition, forming & transition to the Orthorilieates. 

‘The metasilicates include (wo prominent and well-characteriged groups, 
yi the Fyrorene Group and the Amphibole Group. ‘There are also others 
less itnportant, 


Leucite Group. Isometric 
Ta oe Veet i alld of the Fauparan Gnour, 
nl ete ite i he apcian of the Fatoaran Gnome, whieh imme 
Leucite KAIGIO, Isometric at 500° 
Pseudo-isometric st ordinary temperatures. 
Pollucite HiCsyALy(SiOn)y Isometric 


LEUCITE, Amphigtne 

Tsometrio at about 600° C.; pseudo-isometric under ordinary conditions 
(sce p. 381), Commonly in eryntals. v in angle but little from the 
trapezobedron n(211), sometimes with a(100), and d(110) as subordinate 
forms Fices often showing fine striations due to twinning (Fig. 835), Also 
1 dlasrninated graina; carely massive posmlar. 

Cleavage: d(110) very imperfect. ure conchoidal. Brittle. EL. = 
55-6. G. = 245-250, "Luster vitreous. Color white, ash-gray or smoke 
gray. Streak unrolored. Translucent to opaque. Usually shows very 


Le A ff 
ie dj ab Hi | 


Hel isis aye eH 
ait Til 
Haut [aan 
sity iatial 

B Hf a Hi nf 

i Ha i rail i 
Pa 
ese 


Ay 


ws IOV», ‘Trikinie. Three cleavagea, Gi. = 24, H. = 6-7, Color 
rah lft, 1s aly fn" Stn hylan el” Fo 
in rolled mane from pegmatite at Kangerdlisrwik, Greenland;_aleo from Kola Peninsula, 


Pyroxene Group 
Orthorhombic, Monoclinic, Triclinio 

Composition for the most part that of  metasilicate, RSIO,, with R = 

CaMgyFe chiefly also MnZn, Further RO, with R(Fe,AI),Si0,, ls often 


containing alkalies (Na,K), and then RSiO, with RANSIO)., Rarely inelud- 
ing zirconium and Uianium, also fluorine. 


Ortharhiombie Section 
a:b: 

Enstatite 10308 ¢ 1 : 08885 

Bronzite ie eres 

Hypersthene SIO 10319 1: 05808 


The postions of theo and bans are revemed frum the ural orthorbombie orientation 
x onler to emphasize the similarity of form between the orthorhombie nd monoclinic 


pyre, 
‘Monocinic Section . 
Pyroxene 40921: 1:0:5893 74° 10" 
1, Cuaxomsrarrra — MgSiO; 
2 Provonrre Intermediate between clinoenstatite and diopside 
8, Drorame CaMg(SiOn)s 
4. Heonvarnorre — CaFo(Si0), 
5. Aucrre CaMg(SiOu)s with (Mg,Fe)(Al,Fe),SiO. 
Acmite (Aigirite) NaFe(SiO,): 
jadeite 2 wei) 
LiASiOs)s 
‘Trielinle Section 


© @ f x, 
O-6213 109° 18" 108" 44 1° 39" 
06308 104° 213" 108731’ 83°34" 


"The Prnoxene Guour “ar 4 number of species which, while falling 
in different systems — orthorhombic, monoclinic, and triclinio— are yet 
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related in form. ‘Thus all have a fundamental prism with an angle of 
Poetics jl to which thre ignore ores daticot cleetage, Futihen 
the angles in other prominent. zones show s considerable ‘of similarity. 
In composition the metasilicates of ealeium, magnesium, and ferrous iran Ate 


‘most prominent, while compounds of the form R(AL,Fe)s8i0y, RAL(SI0,)y are 
also important. 


(inter alls tetebedron with four oxygen aloms at ex pnts. ‘These tetra 


ratio equal SOs. These chains of silicon-oxygen tetrahedra lie parallel to 
the vertical erystal axis and are bound together Interally by the ealeium and 


of the monoclinic ‘The unit cell of enstatite v 
loely to two tit aallg of pyrorene united By thts (100) faces one hs 
reflection of the other. The unit cell gives an axial ratio in which the value 
‘of o (or b in the orientation used) ia twice that usually given. Each call 
Ga a sixteen Fiche aie Se: 
‘he species of the pyroxene group are closely related in composition to tl 
corresponding species of the amphibole group, which also embraces members 
fn the orthorhombic, monoelinte, and tridunie systema. Ina numer of esses 
the sume chemical sompound appears in each group; furthermore, @ change 
by psramorphism of pyroxene to amphibole is often obverved. In form also 
ie two groups are related, na shown in the axial ratio; leo in the parallel 
of erystals of monoclinic amphibole upon or about those of pyroxene 
- 487, p. 195). ‘The axial ratios for the typical monoclinie species aro: 
Pyroxene = 10021 :1:05803 f= 74°10" 
Amphibole ¢ = 1102221205875 6 = 73° 58 
See furthor on p. 569. . 
‘The optioal relations of the prominent members of the Pyroxene Group, 
‘especially in regard to the connection between the position of the ether-axes 
sand the crystallographic axee are exemplified in the following figures (Crose). 


1 
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A corresponding exhibition of the prominent amphiboles is given under that 
group, Fig. $64, p. 570. 


Orthachombie Section 


je eet ersenen elatln sad Lapestion forma somo 
jorphous series for which the mame enafenite has been proposed. Coa 
tony by enaative fs deignated the MgSiOy cad of the acres aching m= 
tures up to those containing 15 per cent of FeO. ‘These are optically positive. 
‘The remainder of the series is optically negative and is known as hy 


‘ENSTATITE. 
Orthorhombie. Axes a 


= 09702 = 1 :0'5710; (see alsa p. 551). 
men”, 110 A 110 = 88° 16%. 7, BVA Bs = 40" 
fe, O28 A 03 = ate ate re, Dab A Bs Sa 


‘Twins rare: tw. pl A(O14) 2s twinning lamelin; also tw. pl. (101) ns stel- 
late twins crossing at angles of nearly 60°, sometimes six-rayed, Distinct 
rare, habit prismatic. Usually massive, f- os 
brous, or lamellar. See p. 852 for disoussion of atomic 

structure and relation to monoclinic pyroxene. 
Cleavage: m(110) rather easy, easing HO); 
also a(100). Fracture uneven. 


G. = 31-33. Luster, a little ‘on cles 

Seon 10 Nicosia Mgt igs bal! [Rid 2 
i by ee ate, ite, to 

sBrogens red. Bia ated, eh 
a _ 

oe eee revely rich in iron. Opiies y 

+. Ax pl. || b(010). Be e001). CE. Fig. 539. mp <u weak. 

Siig laramege dy tk perry ier 


bout BUF for FeO = = 10 per cent. a= 1800, B= 1088, 9 — 1068 


0 Mgsi0,). a= 16607, 
B= 1-6658,7 = 16715 
{containing about 5 
oot er cent FeO). 
Comp. — 2 
ically 
~ tains iron giving the 
formula, (Mg, 
e)SiO,. Thepereent= 
age of FeO present 
- may vary up to about 
z 
Ver. —1. 
Bypenstiene “ea BRA Wh te 
ce ereuish white; foster vitreous to peasy G: = S10$15 “Ch 


cloacae 

pi 

= 

Init Wing aly lightly rounded on the thin ee 
the toense cle preotce 


Color 


3 this, 


changing so that io the latter X = Bx 1 (100). 


ino renee 


rt 
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‘is ot eential. 
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si0. 


BL slnont 
Tnsalable in hy 


‘At higher 
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‘SILICATES, 555, 


ey teslonrnmecntnn, and sometings meal. Colo, dar brown 
ish green, wrayish, greenish black, pinchbeck-brown. Streak grayish, 
brownish’ gray. Translucent to nearly opaque. Pleoehroism often stro 

especially in the kinds with high iron pereentago; thus | X or @ axis 

ted, ¥ of } axis reddish yellow, Z or c axis green. Optically ~. Ax. pl. 
D010), "Bex 1 a(100). Dispersion p> v. Axial angle rather ‘an 
variable, diminishing with increase of iron, of. enstatite, p. 558, and Fim. 
$89, Bp 55 ndices for variety with shout 15 per cent FeO; = 1082, 
8 = 1702, y = 1-705. 


Hypersthene often eneloae ex ally of brown cole, sean 
ie the baal plane (Fig $43); alo lor frequently vertical or tneioed 90" t 
SiR Oe eee ec tre el ie ae secay Oy 
being developed along the so-called ‘ (p21). 


Comp. — (Fe,Mg)8i0, with FuO greater than 15 per cent, Alumina is 
sometimes present (ap to 10 per cent) and the composition thea approximates 
to the aluminous pyroxenes. 

ry ete. — BR, fuses to n black marme, and.on charcoal yelde is maa; 
tugs nore eal Fi inreaing tout af Won, Partially desamyyned by hydroclana 
ico. — In thia actions srt to enatatite except shows dine rei or greenish 


color with leochrom and is optielly — 
“Aral Similar to enaatite, which we 
cerita gman vod ax nate hyper anal more coment tn ae 
oe et as te etal rote omen tthe ra 
irate ‘and eopecaly Sodonte, kar whicl (e covure extensively ta Widely 
sepanted Scorn i drasen of erupve rocks whare it has evidently had » es 
Esc ‘Alan foun tm certain meteor 
‘Ay in large ‘with pyrrhotite at Bodenmais, Bavaria; at various 
Jonas mn Norway and Graniane in tage dividual with Ibraorite on she Ile St. 
adn, no in ad alae ess Chaat Wher Mowtnarency Co urbe. 
as ‘occurs in the sanicine bombs of the Lancher See distriet in the Fife 


fund. "Saaboste is from Uhe andesite of Aranyer Berg near Piki on the Maroy in ‘Transy/- 

the United Staten ft oooura in New Yorke in the niorites of the Cortlandt region on the 
‘Hudson River sad i the Adirondack ragien, In the anvesite of Buffalo Peaks, Park Co., 
Colorado, aod of Mt, Shasta tn northers Califorala. 


‘idhree oe Sousa Sean-”-An allel tmatite having 
fou eon alla ree 


4 


os i sceatoe 10 mse i fle Sor 
RELSIENE characte by abongeice mealies ote het enrae 
face 6(010), which " achillerization " (p. 275) is of secondary origin. BH. = 5-4. GO. = 
See ti eae tn ove nad eal Hct trowe. Pio 
a Cee ent” Bg BOI0, "prs pw Th oral tis 
wen Bute Sea Haag ae Hare Sen, Camauay? arom Ties the 


= 1a, SINE Pe)IOu (Me FeIS0. Oomre in rounded oodles inthe metearte 
of Eathervile, Fnnat Co, 10, 1879, G. = 8. e 


+, Kanmet Co., Iowa, Colne light greenish yellow. 
PYROXENE. peter 
Monoclinic. Axes a: 6 :¢ = 1-0021 ; 1 : 05893; 8 = 74° 10’ 

mm’, 180 A 170 ex, O01 A 221 = 49" 54" 

a] Pees 

2 A Brae 

2 Adee | BRAS 

Somaioeu: 2 RAMS 


parting || (001) (Fig. 851); - 

pin MG a eer, 

em cumin a anaes of honey 0: sone 
P. 


pris 
puare pau (100), 3010) 
predominating; some- 


m(110) 
or 


felting End ‘esto (Vda me ven to 9 


warty foes 

MO). Been en ota te se 

ea Rema cmee to +52" ta augite 
ee ha Beg ol ‘the angle in general ineressing wit 

= Nees errr 


‘SILICATES ‘57 


Comp, —For the most part a normal metasitioate, RSIOs, chielly- of 
calcium snd magnesium, also iron, les often manganese and’ sine. The 
fikali metals potassium ‘and sodiuin present rarely, except in vory small 
amount, Also in certain varieties cont tho trivilent metaia aluminum, 
ferric tron, and mangnnese. ‘These last varieties may be most simply ¢on- 
sidered us molecular compounds of Ca(Mg,Fe)S\Os and (Mg,Fe)(ALFe)Si0q 
a8 suggested by ‘Techermak. Chromium is sometimes present in 


y 
amount; also titanium replacing silicon. 


and Eres, stranger, and records Hniy's ides that tho 

ppc rm gong ae ats et te 
ela cena I an chin te 

parle pelo ‘ 


1. Cunoxneranrre, MgSiOs Study. of artificial crystals’ show that 
bey ave monoclinic and eter tabula ste (100) oF prismatic after (110) 
salvage ongated parallel tothec ssi, Polrynthetc winning ono 100) 
very characteristic. - Good prisnatic cleavage st 88° §’. Colorless to yellow. 
Ax pt 6010). Z Ave axis = 22", see Fig, 837, a = 1-651, 8 = 1-654, 
y= 1-680. 2V = 53°30". Composition varies with iron replacing mog- 
a ee yd ath aoa tie ons ad of tk 
percentage of iron ie acoomy ‘a rise in vs 
‘extinotion angle, ZA ¢ axis, 

‘MgSiQs can ystallized from a melt having the theoretical composition at about 
1508 202 see rer Temperature roe gluten in soltenexlcum or magetur vanadate. 
Tee the most stable form of MgSiO,, It has no trum melting point but st 157° C. breaks 
down into forsterite and silicon, 


Clingenstatite occurs rarely in igneous rocks and meteorites. Clino~ 
hypersthene is known only in meteorites. 
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2 Pigkonrre, Intermicdinte between clinoenstatite and diopside, a 
mixture of the molecules (Mg,Fo)SiO, and CaMg(Si0,):- _ A similar compound 
‘may occur in the series between elinoenstatite and hedenbergite. General 
piysieal properties like thoes of diopside. Ax pL (010) in vases low 

changing to | (010) at a content of 7 to 10 per vent CaO. Axial angle 
small and variable. Optically +. Z A ¢ axis varies from 22° to 45°, in- 
creasing with lime content. Ocetirs at various points in diabuse, basalt, 
gabbro, ete. Named from occurrence at Pigeon Point, Minnesota. 

3. Drorsiox. Malacolite, Alalite, Caleium-magnesium pyrozene. For 
rauly CaMg(Si0s): = Silies 556, lime 259, 1magnesin 18:3 = 100, Color 
white, yellowish, grayish white 19 pale green, and finally to dark green and 
hearly black; sometimes traneparent and colores, nlso rarely fine blue. 
In prismatio crystals, often slender; also granular and columnar to lamellar 
massive, G. = 32-338, Z A caxis = +36 1040". For indices see above. 
Iron is present usually in small amount as noted below, and the amount 
increases ag it graduates townrd trie hedenbergite, 


Thefolloning lon bee: Chromeo, cotaina chroma (I 1928 percent CoO), 
tas orginally described, was x palocolored translucent variety from Sx, 
“Alaa occurs in oe faint greenish or clour green, 


enh ea namire 
Cenacsie re mtn an 

; Fravish white oe pyroxene occurring with dolomite at 
(atte rome, ear gee by yuan, fro the eightorind of Lake 
weiengeae as Horinobenting pyroree comport lesgay of the dopa aden 
bp ce, sage tet aac tons fang} Mountain, 
‘Dioplde Vt tata tro he ties oe tht, a0 Sy, appearance. Malacie tren 
panacea, Decne outer thin feldopar, wid wana A we mocaied AY 


4. Hepewnenarre, Caleium-iron pyroxene, Formula CaFe(Si0,)s = 
Sil 484, iron protoxide 29°, lime 22:2 = 100, Color black. In 

and also ‘lameli y maive, (0, = 85-98. 2A 6 axis = HH" to 48 
@ = 1-739, 8 = 1745, y = langancas is present in manganheden- 
Uergite to 6°5 per cent, Color grayish green. G. = 3-55, 


ts eal i i 
eta ioe ire ental with parting 00, 
“Corte x praia variety, embed Uy eal, ale forming owl 
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Tn erp, semaines tabla | 01), ako with (71) proms, or, en 
wel le dic ie ei : op 
GO BSS Tate ne nat re eesee A 


reais 
uonfordie A pyroxene containiog some sodium, manganese. and iron. Strongly 
pepe rein fay "Found ‘with mangatiee ores tn the Central Provinces, 


Sarious explanations of the composition of the pyroxenes containing the 
Nesuuioxides; their exact character must still be considered as unsettled. 
Here belong? 

a. Locavarme. Color white of esi Contaica sth lime and magnesia 
edueas Cerise: Castres mesa 


fumed froma the locality ia the Fassatal, Tyrol. oer, a loner 
© Avatra. the, ‘or brownish Black and black Kinds, Gocarring. 

1a eruptive rocks. It is it short primuatio crystals thick and stout, or tabular 
‘a(100); often twins (Figs. 849,800). Fernie iro is here ina relatively 

fad the ange 7 A cass rangoe frm 45" to OF variable, # = 108 — 171. 
When rick fa toe. oF titanium Gistinctly pleochroic: X — greenish yellow or red- 
daly F = browniah ced or violet, Z = greenish yellow, redilih, or violet. ~ Named from 
sor er. 
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srapolite fires cally DLR, with intumecence),, The 


ieee ee “Siskind in a Dare rome rae 2 (sian ad Ha) 1h) and fae lore 


in having common columnar to fibrous varieties, 


Ban 
‘Micro. — The common rock-forming poms eee pare specceraee 
pe re eps 

tei erotlag end acer ah nen lt ee ea 


ferencrcolors 
tor etna | Bi taal rc etal by aw 
ree, cevege eka the Wier in'tbe drestion Othe 


ae the Vertical axis. 
mexiite, p. 56). 
‘A sonal banding is common, the sutcesdve Janine sometimes differing 
Jn extinction alo the hourglass structure occasion 


anaie 
pe aprir 
it ee nate am ites 


Sig ely eis 
ices “Ses wrt ps Be Loire 
t 
owe 5 a very common eral i coun eke, 

Some en 


oe ere lly 
eae of erupive rocks i omaly the black oclar oie 
‘eupive rocks i ack to C on 

fone and other metamorphie fucks the xascatsons are cfen sit mapa 


Stet 


And augitesyenite; my os alg 
augitesy flags 


roride Cola, museite) oceura af 
ete a in the Austrian 


Tenner pl tl) 

= tw. i 

ie Roe ler Ogu 

channeled; acute terminations very characteristic. 
“The. shore epee to onloary acme 


For 
nated: (ine nok common; also ix groupe oF tlle of 
hd is Brows forma a 


Cleavage: m(110) distinct; (010) less so. 
Freee, Uneven. Britt, = 665. _G.= 
eos. Daatex viteedes, naiiaity 66 sostnous 
Streae palo yellowish gray: | Color brownish or 
green. Subtransparent to opa : _ 
‘hx. pl. || (010). X Ae axis at various small 

les, usually about 3° ( 
= 1319. y= 1836 (on artificial material). 


‘Usually ‘in colors of brown, 
yellow, and green with absorption X > ¥ > Z. 
BV large. ‘dispersion, p> o. Variation 


tion, and the birefringence decrease. Variations 
in the values of 2V and extinction angle also 
‘cour. 


“Yar, — Incense rise eiten trion Alo apirte 
oan ay makin wee 
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Comp. — Fssentinlly NaiFe(SiO,), or NaO-Fe,0;.48i0, = Bilien 820, iron 
sesquioxide 34°6, soda 13-4 = 100, 

‘The lopmide-hedonbergite molecule (Ca(Mg,Fe)(Si0,);), onn apparently mis ln all pro= 
portions with the nemite molecule. Various byphenated mes have been propane ta de 
Foor Se teats omnia naan cam eee at ome ee 


7 fo thie Iu erasgreen color: strong pleo- 
-shroism fn tones of green and yellow; the small extinoti ia rections |) (DIO). Dio 
{coo ceticen pra tacts wat wish Wing bm ecntomec by feh 

‘in mech sections the direction of extinction lying tear the cleavage ix negative CX), 


E, 


MBs oseurs wey in 
rocks gontalnine aad he 
Sips as Gums Mispeti toe 
pote eet 
ft occurs ite and nugite- 
ot ao le, 
‘oeeurs in tem of soutien 
recala te. 
thet 
ine priate and win and with 
tavern ‘variety cazrying varaditin ‘oveurs at Lubby, Tscale Co, 
i 


era 3 was (rota dann, pint, aloalon to Uh plated extremes of the eryntale; 
digre aioes Seg, te Yoda god othe teas 


JADEITE, 
‘Monoclinic. Axes a:b:¢ = 1-103:1:0613; B= 72° 443. Usual 
massive, with erystalline structure, sometimes granulur, also obscurely col- 
Pbleelarenr te pers it 98° and 87°; also: {a(200) 
Ch rismatic, at and 87°; (100) 
ifieult rire aplinuery.. Extremely tough. I= 65-7, G, = 33 
3&5, Luster subvitreous, pearly on surfaces of cleavage. Colar apple-green 
to nearly emerald-green, bluish green, lock-green, greenish white, and nearly 
white; sometimes white with spots of bright green, Translucent to sub 
franainoent. Optically ++. AK. pL. I} BIO). 2 Ae axis = 30° to, 40" 
2V = large. For nearly pure NuAl(SiO,)s, a = 1-654, 9 = 1659, 7 = 1-667. 
Essentially 1 nietasiticate of sodium and aluminum NaAU(SiOs)s 
or Nax0-ALO,ASIO; = Silien 59-4, aluminn 252, sods 164 — 100, It is 
probable that both the nemite and diopside molecules are isomorphous with 
bee ‘of jadeite and that they may form more or less continuous series with 
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se= 11288 21 : 06355; 


Twins: tw. pl. a(100), Crystals prismatic 
on 110 A TRO 00 often 
toned || a(100); the vertical 
lanes ‘atrinted and furrowed | 
sometimes very large. 
massive, cleavable. 
‘Cleavage m(110) fect. A 
lamellar structure |] a(100) some- 
the pict Ale sate than pte 
nm 
Fracture anaves to subeonchoi- 
dal, Brittle H.= 65-7. G, 
= 3:13-3:20, Luster vitreous, wes 
on deavage urfaces someytal rugs, Mam. Ope! retain tat 
gray ite, yellowish green, 
Ereli-preen, Jellew;ameliyetine purple, Streak white, Transparent to 
translucent.” Plochraiam strong in deep green varieties. Optically, + Ax, 
pl, || (010). ZA ¢ axis = +26°. Disporsion p<». 2V = 54° to 69". 
a= 165-168; 8 = 166-167; y = 1676-168. 
dete aw-gren to ememld-green coli thn Iter vatity is used a a 
ta sete cesta) sondor pesca (em nian eka 
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outs a clone Hincoloced variety found San Dingo and 
aia ie arene! aie, ie fara ote Botan Commotion, 
‘own she sume cor. ‘Usn'as a gum etona 

—TiANGIO), or Lx0.AKO.480; = Silis 645, alumina 274, 
lithia &4— 100. Generally contains a little sodium; the variety hiddenite 
also chromium, to which the color may be due. 


Rea as wes sea a eam lee eS 

Tea eet 
=i = 

Pied by an osallinting sloctsic dschatge, by: ultrs-viost mays, Xray Or 


Sia perfect pacing | (100) (in some varietin an rll a by 

ine gant) aad tye ary ser than fale 

‘tame’ BB.” Tee (ante than ambipyonite metal 
nervn lent i by th cin of a 


ETE, 
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Hl 
if 


maaan 
ciate ers tron of aie is coset cso 
oe cenkig Dee ane tae e  ae ee 


ses yl ren lon con to ti tin a ey ae 
Teealtien ae. see Sdsttra oo Mts Bits, Tapa, ete. In ama ateparent cry 
Eifel pad gcliow color tor Sings Geran, Brea" 

1 che aided Staten kocsis jg of Oxford Co, Maine in Mammachmeta 
la Wormsvet Go, at Susling nad fn Hapa Cay at Gosheo, Chester, ned Hunting 
te erly Seif Commer tr Gn a Bnav, Fall Ct 
Heonite ih opine sa ster tafe mangroeuae ey 

iy ase pa wee cn age) led, sre 
: ray ledlon te 


‘Prictinke Section 


‘The following triclinic species are considered by some suthors to be 
distinct from the pyroxenes and to form a separate group by themselves, 

RHODONITE. 

‘Trice ie Axes a 6:6 = 1407285 1: 0-6213; a = 103° 18’; 6 = 108° 
44’; 7 = 81° 30’, 

‘Cryntale usually large snd rough with rounded edges. Commonly tabular 
|| e(001);, rometimes resembling pyroxene io habit, Coramonly massive, 
cleavable to compnct; also in embedded grains. Crystals from Franklin, 
New Jemey, show polysynthetic twinning, with ¢(001) as twinning plane. 


108, 100 010 = 4° 267 aa, 110 170 = 92% 2347, 
‘te, 100 A O01 = 72" 30}. Ge "OO A 81 = 73+53",| 
fey Ov 4 nt = 78 43} QOL A 331 = he 2a" 


‘om, 100A 110 = 48° 38. hy, RIA Bi =o 
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fect cleavage | (O10). rac aca oy iawn) “very eghowiea 
pate de Te ook. Ge= L908. Luster vitreous; "on cleavage 
pesos 


a When impure’ often black out 
Streak white. 


jum appears to be alw 

omer Tt has been suggested thatthe formula 
t be written CaMn(SiO,)e. Bustamite hae much more eslcium than 
thodonite; the material from Franklin, New Jersey, has the com- 
Po ‘CaMn(Si0,),. Tt also differs from rhodonite in its optical properties, 
is evidence that there is s continuous series from rhodonite to bustamite 
ual change in the optical properties. Fowlerile is a variety with 

ies manganese, 


‘becom near 
SDM Chartered b Dy ta pink color; dintinct cleavagne; hardoom; fusibiity and 


coco in rai manganese i 
thotorkraita ete, gered pment the entire share 
i Thay = cont 


ee es se or ee, 
Chee 


Dregodn eects 
EIR ae Po nia ed names 


‘Anderson 
a Toner een OO atten 
oe cee ee te ett 
1780, = 1788 ibseSe eS nite man Al Heters per Dee 

‘Nasau; from Bayeno on Lago Maggiore, Italy. Found in distinct cava 
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idl in Aust-Appler, Norway. In the United States in Me 
are Sf at Aol, Worcs 


Sobral. — (MoE Co Ate 04 geamgee 6, 
om alae WS aie atk Opuey From culyais tal te Siar 
a3 Bowe i iif From cua 


Wollastonite, pectolite, ete, have until recently been commonly placed in 
the Pyroxene Group to which they have certain relations, but because of 
definite crystallographic, stru tara and optical differences it is better to 
separate tliem from tho more typical members of the group. 

WOLLASTONITE. Tublar Spar, 

Monoelinio, Axes a:b se = 10581 :1:0-9078; = 84° 90’ 

210 A aT = oss OLA 101 = 40" 4 
Ti," 540 A 540 = 20" 38. Soo Ago. 
oy, ' OMAGH = 87 51. OVA TOL =O Be 

‘Twins: tw. pl. (100). Crystals commonly tabular || a(100) or ¢(001); 
sto ent peuabtia " Vovaly ‘lenvable massive oar fibers parallel ot 

Tetioulated; also’ compact. X-ray study: shows a 
eructure ‘unlike that of diopside but with sia 
edi Se es ilan' O01); «coy 
a 2 a also ct 

to, Practive unten,” Brittle. “i. 2 45-5 
Luster vitreous, on cleavage aur 
Color white, inclining to gray, yel- 
low, red, orbrown. Streakiwhite, Subtransparent 
to translucent. Optically —. Ax. pl, || 6(010) and 
1 to the usual direction of elongation of the erys- 
iol. XA c axis = 32° in the acute angle 6. 

Dispersion p> 0, inclined distinet. 2V = 
1-616, 6 =1620, y = 1-691 (artificial mute: 


— Caloium metasilieate, Ca8i0, or CaO, 
ica 51-7, lime 483 = 100, 


Sythe! ere how that wlletonite ean take 


ey 
i] 


also 8 

trial hating the compotion SAO SNEO SG it 

Ting ale form tot ane wit attr olen 
‘ellatots heated above 1300 Cs evel 


‘aaa arg cone edohesanl opal pale, 
fesvi agin te ea mecelns Tas mateal 

Tamla ii, eee my 

Optical Orientation of Wol- globule’ ‘With hydrochlore acid decomposce with spars 

lastonite thon of se ti effervesce slightly from the 


prence 
‘Micro. —In, thin sétions wollastonite te colorleen with w moderate relief and medium 
Uartrigrace, "The ane ofthe pe axe ally orm 16 the elongation of the 


‘Aral — Wllatouite nny te bland artilly by bwng a a of he composition 

Rees Saad pe eect Ba i Alger empersten te 
See aetna tla ora contact aparan caleutatone, formed 

ty th tetion of isis acid pn the Lineman, commonly he presence of meralers ad 
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567 
at Jove temperature. Its ogcurrence in eruptive rocks i due to the inela- 
ga three lime gaat opel ne, 


i the fete vo it Sn We uy arly in in 1a Fisland 
ee. thee i Soca, Vevey ‘ore 


i, Keweenay 
very compact varity. "in" Californian. tear Kiversie, Riverside’ Co. 
Eee eee 
‘Nast fer the Engh chat 1. 
‘hatte has been ahown to conse of pies of wollkatoniteerestded in gla, 
ae eg i Poe a 
in eryatal fora. tn enlating throu vag, . 3 
4a Banly fore Colrn or white “Optcaly =~ 08¢ Disperloa pce 
tinge = PMT, a= Vey = FOS. Roun tear Alamos, Sonora, Sesion 


PECTOLITE, 


‘Monoclinic, Axes a:b 6 = 11140 =1 20-0861; 8 = 84°40", 

Commonly in close tions of acicular oon elongated || B axis, 
but rarely terminated, Fibrous massive, radiated to stellate. 

Cleavage: «(100) and (001) perfect.’ Fracture uneven. Brittle, H. = 
5. G. = 274-288. Luster of the surface of fracture silky or subvitreous 
Color whitish or grayish. Subtranslucent, to opasque. Optically ae 
pland 2 WOW)E NX mearly 4 a(100). 2V"— GS a = 1505, 8 = 1-606 

ae 

Comp, — HN aCea(Si0,) or Hi0.NuO.ACA0. 6810, = Silea 542, time33 8, 

vorda 93) water 27 ~ 100. 


‘he nr fate rosa lly en al sh Tel by ta 
above formula.” Pretolite is somellnes lame it sts reiennliod to the sec 
lite” Magnesiuan may’ be preset nein tv vase, al anganes, i mee 


(Bp ee — Tn the lol tbe iil wale, BB ie a 2 owl 


fuses enamel, De- 
‘hydra! of niles so a jelly. ives 
oar in pars by hydrochloric cid with separation of allen sa 8 jolly. Often gives ont 


‘Obs. — Pectolite oosurs Ice the acolt {in eavitiew oF sama in sia 
rock Tb a on of to ethan cf such mati ta form ant oun matclted RUE oe 
Sea eat een 
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Heine Mepbeltenventeporplyry, Red Hl, Moultonbore, Croll Co, Now 


relationabips of the following rare minerals are uncertain; the fret two 
ave bc stared wo meh of ey amr re ba 


Wohlorite. — A siroonium-tilionte and niobate of On, Ne 
getabalr os ‘Gir oan beena. % a 
Reemative eink In sircon=yenite on overall “tthe Tangent 
Brome Nears nf aan, ack a” fan re 

Tan CaN ie 

rests couple ataniae ato Mn Caen nag she 9, 7, hee 

egg, en agree Pree cra, fie Ok 
te sao tm oe 

squats Notwa}; Ao in nephelte-gyeno roa Brat and the a alan, Prseh ua 


t 
ae itn Sei Bt 
G. = 397, Color to brown. 0) lh -2V near} Strong dispersion. 
=A ae Bo ind hoger 
Somnus, Vesuvius. Hiorkdahlite occurs apariagly on the island Mittal-Aro, in the Lange- 


8. Amphibole Group 
Orthorhombic, Monoclinic, Triclinio 


Composition for the moet part near that of a metasilicate, RSiO,, with R = 
CaMg,Ke chiefly, also Mn,Na,K;Hs, Further often containing aluminum 
and ferric iron. The composition in the case of some atnphiboles is very 
complex with extensive wente taking place between the diferent ele- 
ments, It is impossible even to list. here the different molecules that have 
been proposed to necount for the variations in composition, Recently, how- 
cover, the atomic structure of the amphiboles has been investigated by Xerny 
methods (see p. 533) and formulus guggested that conform both to these 
froin ana to the chemical compcsition The type molestie fe hatte by 
Warren is found to have n silicon-oxygen ratio of SiOx instend of the moti 
tillicate ratio of Sim, He fincls further that in one-half of the tnit cell the 
number of oxygen toms or their equivalenta ix always twenty-four, that the 
‘number of the magnesium atoms, or thelr equivalonte is alwayn five, that the 
ailloon aterns nover exceed cight in aumber, and that w eoup eon 
calcium and alkali atoms may vary between two and three. His: gen 
formula conforming to these structural requiremonta ia (CaN Kilis Mx 
Fo", Fe’”,A,Ti)s (Fo"”,AL8i),(O0H,F)su ‘This formuln hus been modified 

ii tnd Latrwen ‘to the follo 


(Ca,Na)eNaoaMg(Mx,Al) (AIS 
QOH in which Fe “and Fo’ oth Ma und A eaustarars 


thay Te) 
In the list given immediately below, however, simplified metaailicate formit- 
Jas have been sed in most enses as giving the essential features of the cami 


itions of the different members of the group, Fuller discussions of the 
Ecnpodtona of each wil be found nthe mec en, 


arb 
Anthophyllite (MK FesiO, osis7 = 1 


t rat 
‘Amphibole S511 1120-2088 72° 58 
1. MgSi0, 
2 Comaevoronrre (ie, F)810, 
3. Gaunenera (Fe Mg)SiOs 
4. Trxmoure Cate(8i0H, 
5, Acroourre Cache, Fe)(Si03, 
6 Ricwronere (K,Nai, Mg,Ca, Mn) SiO, 
7. Houxuuenpe 
Edenite Contain molecules approximating to the fol- 
Pargasite Meterd in varying proportions, 
Common hornblinde | Ca(MgfeShOns CaMe(Al Fo)8hOu; 
Basaltio hornblende NaAl(si0y): 


arbre 6 
058512029 75° 
:1:02205 76° 10" 
210-2075 75°44" 


Glaucophane Gt with 


Riebeckite  Naln(Si 05475 
ite CnaNn(F carats Fo) OH(ALS Os 
Arfvedsonite NaiFe«Al Ore 


Bnigmatite (FoXn)(84TH)0. NOCALPHNCHOD, 


‘The only species included under the triclinic section is the rare and im- 
perfectly known mnigmatite (cossyrit 
‘The Aarmrsoux Gnovr embraces a number of species which, while falling 
In different systems, res liar ‘as shown in the common 


tae The Amina: Chor heer isles fly cpveloreey eed 
fewer species, an Soy og at form. ne 
Taha ig nad 124 the pinnate 


rand eo rile 
fi eee er tuenee ress 


of ac inden ema 
tl vamos ee Fe set dona = 


am pe. The amphil a ietohaae 
by Pepe ai eile ani, over the plane (oto). ‘This results 
aunit for amy whiet wit! it except 
th fo pall wo he 8 aaa Ths a twice the value of the eorre- 


the: Tn pyroxene ated 
alicecuygee taeda prope are area in agi Calaa paral 
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to the ¢ axis, whereas in arphiboto the similar groups are united into double 
chains. ‘These facts account for the erystallographie differences between the 
{wo groups, as for instance the difference between the respective cleavage 
angles. Further, tho joining of two silioon-oxygen chains together reduces 
{the silicon-oxygen ratio to SiOx instead of SOx as in pyroxene, The po- 
sitions of the calcium and magnesium atoms in the structure are similar to 
their positions in the pyroxene structure, see p. 552. 

“The optical relations of the prominent members of the group, a8 regards 
the positon of the etheranes, is exlibitd by the fllowing figues (Cros); 
compare Fig. 837, p. 552, for'a similar representation for the corresponding 
members of the pyroxene group. 


ado do ids 


E, Anthophyllite If, Glaticophane. IIL ‘Tremolite, ete. TV. Harublende. 
ne Y, Arfvedsanite Vi. Ridbeckite, 


MD. 


Orthorhombie Section 

ANTHOPHYLLITE. 

Orthorhombic, Axial ratio a : = 0'S137 : 1. rare, habit prie- 
matic (mm! 110 A 110 = 54° 23"), Commonly lam + OF fibrous massive; 
fibers often very slender; in aggregations of prisms. 

Cleavage: prismatic, perfeot; (010) less 40; a(100) sometimes distinct. 
B= 55-6. G, = 285-32 (increasing with parentage. of iron), Luster 
Vitreous, somewhat pearly on the cleavage fuce. Color brownish gray, 
Yellowish brown, clove-brown, brownish green, emerild-green, sometimes 
Jnetalloidal, Streak uncolored or grayish. ‘Transparent. (0 subtranslucent. 
Eametimes pleochroic, X — Y = brownish, Z = pale yellow-green. Ax. pl. 

i nearly 90°. Gptically +in anthophyllite, — in 


[| 4010). Z = c-axis, 

gedrite, For artificial MgSI0s, a= 1-384, 7 = 1'597; for variety with 27 

Percent FEO = 1085, 8 = 1088, y= 1657; for higher perentages of 
‘SiO, y may rise to 1:608. 


‘Comp. — (Mg,Fe)SiOs, corresponding to enstatite-hypersthene in the 

roxene group, Aluminum ie sometiines present in considerable amount. 
Ree ers gelsticn rareptioal charectar: between: anthoptylite (5) 
tn gedit (=) ma boven ent and Hypertens (Fis 9, 840 
. 580). 


Axmipnerutne MgsFe= 41,321, ete Pie: 1 the percentage ednpo- 
ih SN SE on frotnle To nga 10, Anthopie sosetbes 
ing taetos. 


smuicaTas a7 
rou doen hav ben repeat ser, bt is most een thy have been 

he stil manoctinie smpiibole. 
Fe a HH, fase with siculy tos lack magnetic sia, with the fxr gives 
sates Wiel noa-pleockroie. Farle! extinction, Commonly 


or iron} tmnacted upon by Hc 


thophyllite is formed artifially when magnesium metasitizate ia hented 
csouaiteraily above it melting point and then guickly cooled. 

‘Obs. —Anthopiylite is found én the ‘shinta, at tines becoming the chiet 
constitent of the rock. It's thought to have usually been esived through the metariar~ 
pilin of chrysolite. Occurs near Norway; trom i fa Moria 
of makin nd at Dorrensteis ear Dons in Lower Austria. Fe 


rH 
Ja many localities in southern Cireealand. ft occurs in the United States in Pennaslvania 
in alaware Ca oe Is Norah Carlin at Franklin, Magan Cos 


ear ‘Hautes Pyrénées, Franée. 
Shullar anthophyliites have been observed in Norway at Bamuble in Telemark, af Soar 


‘Monoclinic Section 
AMPHIBOLE. Hornbilends, 
Monoclinic. Axesa 


min’, 110. 1T0 = 35% 49", rr, OLA OTL = a1" 32, 
ox, "O01 A 100 = 7a 68", O31 A OGL = Bae $2" 
OLA TOL =a" oO py TOL A OL = a4" 25 


‘Twins: (1) tw, pl a(100), common as contact-twins; nurcly polysyn- 
thetic. (2) Mois, as tw. , occasionally producing parting unalogous 


¢ = O-5SIL : 1502038; 4 = 73°58", 


to that more common with pyroxene (Fig: 487, p. 195). Crystals commonly 
prismatic; terminated by the low elinodome, r(011), sometimes by 
rand p(101) equally developed and then suggesting rhombohedral forms. (as 
Of tourmaline), Algo columnar or fibrous, coarse oF fine, fibers often like flax; 
rarely lamellar; also granular massive, course or fine, ‘and usually: strongly 
coberent, but sometimes friable. 
he hie position here adopted is that suggested by “Tacherma, 

jeg a ear pet are a i ana Gace 
position, according to which p = (O0L),7 = (TL, ete. 


Cleavage: m(110) highly perfoet; (100), 8(010) sometimes distinet. 
Fracture au | uneven, Brittle. H.'= 5-0, G. = 20-84, vary- 
ing with the composition, Luster vitreous to pearly on cleavage faces; 
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fibrous varieties often silky. Color between black and white, through various 
shades of green, inclining to blackiah green; also dark brown; yellow, 


od ll the deeply colored varie de- 

cited beyond, Atma ptian ummlly J > YS Opty oc eye 
ax ph coay i] W010), -Betination ane on 010), 06 2 (\ ¢ axis = 115" 
18° in most oases, but varying from about 1° up to 97°; higher angles in 


Orleptaton of Cem- Optical Orentation of Opti Oren 
OMeigemieraiede,” — Twentienccnaie Barend 


rare instances, Hence also Bx A ¢ axis = —75° to -72°, oto, See Fig. 
870-872. Dispersion p <v. Axial angles variable; see beyond, 
nS santa, particularly indices of refraction, birefringence and extinction angles 
oar i» particule ith the total amount of ‘preeant 
fete mind tinction angen tncenss withtorene of on cust ile Ut 


Comp. — In part near to anormal metasilicate of calcium and magnesit 
RSIO;, triin,al maen, a thoe genoa analogs th 


sta ‘the silicate oxygen ratio corresponds to 
Bion, instead of ‘SOs, Fie aunt tuotals, sodium and potaoetim, aloo 


and ly fluorine in «mall amount. a ee pe 
‘constituent, 


tion ofthe amphiboles comp: 
ir sets i awe ira 
as ts Tnerpetationa ofthe companion tt be eee ofeed 


‘SILICATES 873 


inca al the views that difereotmineralgit bald at preeat. Sen p38 and 
Tarthor under the diferent varition described below. ie 


1, MgSiO,, An amphibole of this composition and corresponding to 
clinoenstatite of the Pyroxene Group is doubtful natural occurrence. 
Tt has, however, been. prepared artificially. It would form the theoretical 
‘endemember of {he various amphibole series in which the molecules FeSiOs, 
MaSi0,, and CaSiO, appear in isomorphous relations. 
‘The name hupfferite wns, jven to what was thoucht to be a tnonoelinie 

tot opt conc of ght, dart war tact atthe mineral Goaion as 
‘orthorbombie wad it was included under ath ‘lite, When the artificial monoclinic 


Pani ae caer it wae pace \eieeite at, Salee ‘the original Fr god 
Aiden tobe nono, eral rd the pate wn Petared 1 the mater 
Ulle MisiOs. However, new analyse ct She original kupiferte show that it ix toore 


2. Cummaaroxrrx, (Mg,Fs)8i0), ‘The magnesium and fron replace 
‘each other in varying amounts and the mineral graces into grunerite. Small 
amounts of manganese may be present. The range in composition of the 
unulngtanlte-grunerite serie i from about 70 per cent MgSO and 20 per 
‘cent Fesis to nearly 100 per cent FeSiO,. The name cummingtonite ix 
‘commonly restricted to that portion of the series containing between 60 and 
70 per cent MgSiOs. Usually fibrous ar fibro-lamellar, often radiated. G, 
ies from about 3°1 to 3:6 for grunerite. Color brown. Z A ¢ axis = 20° 
to 15° decreasing with increase in peroontages of FoSiOs,. Optically +. 2V 
Tange. <p <u. ludioes for nearly equal mixtires af MySiOs and FeSiOy are: 
a= 164, B= 1°65, 7 = 167, ‘Theso values inereave with increasing per- 
orn Giaonsarre, Grinerite, (Fe)Mg)S\0,. ‘Tho percentage of FesiO, 
5. GHUNMTE, (Be ; 
range from 50 to 100 per ent. MinsiOl any Slbo be freseat St soealdrabla 
Amounts. See further under cummingtonite, above. Commanly fibrous or 
lamellar, G,= 343, Color brown. Silky luster. Z A ¢ axis = 15° to 
10", decreaing with increase in percentage of FeSiO,,. Optically —. | 2V 
large. p>v. a= 1-680, = 1:707,7 = 1°726 (for pure FeSi0;). ‘The values 
decrease regulary with coerensing percentages ofthe iron molecule; also the 
presence of manganese replacing the iron lightly the indices. 
‘Dannemorite is» tmanganiforous member of the cummingtonite-grunerite 
series from Danpemora, Upsala, Sweden, Columnar or fibrous. Color 
Yellowish brown to greenish gray. G. = 34-35. ZA.¢ axis about, 14°. 
“Axial angle large 


4, ‘Tuenours, Grammatite, nophrite in part. Caleium-magnesium 


amphibole, ormula has commonly been given as CeNigu8Oxt but from a 
study of the atomic structure by means of X-rays it is that the com- 
ition is more accurately given by the formula CasMgs(OH):(Si Ou! 


idee 
‘errouy iron occurs ‘the magnesium, tremolite thus grading into 


be it. Colors white to dark gray, In distinct crystals, either long- 
blade or more raiy short and stout. tn 

or fibrous; also compact granular massive te, below). G. = 29-32. 
Sometimes transparent and colorless, Optically —. Extinetion-angle on 
H(O10), or 5 Ag ai 

2V = 80" to 88°, 


+16" to 18%, hence Bx, /\ ¢ axis = —74° to —72°. 
‘the values increasing with increase of tho sctinolite 


160, 6 = 161, 7 = 1°62 for pure tremolite, 
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“Tremolite was named by Pini from tha Tremolp valley os the south aide of the St. 
a Winchite ig the name given to s bhie amphibole near tremollie Irom the manganese mincx 


5. Actixoure. Caloium-magnesium-iron amphibole, Formula Cua 
Fo OH(S10.)5. | The amount of the iron molecule, CasFa(OH)s 
idOu)y varios up to between 40 and 50 por cent of the total” Alkice 
sometimes present in small amounts. Color bright green and grayish green. 
Tn crystals, either short- oF lang-bladed, us in tren oa 
lar tase, |G, — 3-82, Sometimes Gansparcal, The, tat 
ig right-qren ertals is ellod plasty acne; the crystals ron ely 
across tho prim, The fibrous and fainted kinds are ofcen called oxbestform 
fclincie ahd adladehctinoie,Adinalte owes lux grat colar to the lerroun 
iron present. 
Flcochroisa distinct, increasing as the amount of iron eee, and 
Hine ta lx sores daha; J eared areas pelo geet 2 
yellow. Absorption Z > Y > . Extinetion 
‘on (010), Z Ac axis = +15" and Bx, Ac axils = —75', 2V = 
a <vj a= LOL, 8 = 163, 7 = 164 (for variety with ubout 20 per cent 
Of iron molecule). 


Named wetinolite from daris, a ray, nd Ades, atone a translation of the German Strakl= 
stein oF radiated stone. Nani changed to aetinote by VInty, without reanon, 
‘amy 


‘snrarem dade in part. A too i ree fr acti), 
b semen ely a. lay yep ‘tt aphire G. = 200-a1- 


‘8 suppained elfiency 


wcuaen. Nephrite or jude wan stot of enrvedornatoea iat Menico 
iia ron ilar tn dry of hitron s le ‘stonn comr trom Intern Aa, 


ng thoes eoiatning Firering Into lox the fiber ot whch re sarhe- 
te very long it esis and saul para fing, and Sook tke flax. “These 
HENG Seal alte th ay core vary fot white 


id woocsironn Tbe ann tein Fig 
Sek tt papaya mabe A eee te ene teraendsn ene 
2 14 pe cot water. Dalia ati ro vary, 

‘wountain fair tata thin Hecible sheet, mac of tnterlsced Aibery; and mountain cork 
Adem thlher ch rea fig ato water a ry ar fe ou 
olor ita to wey lish" Avenue i ‘compact Alois, ated gray to brown An 

‘Busnaontra, A thin ite "arty of ample near action eonpan but 

sas abun i esneen roa eh ere 
Gisiaee i vost soos dete rte prensa teiags) Dy nea onion op eee 

rea th nef te lage adn le, ee "enanie h oiita 

it forms, alongwith whieh geen anna ‘ommarte: 

gory ‘he eupbotie ote Alpe, "Tho orignal toeml fess Corny ned she Tk 

eri Emo str the ea aaa i 

iatire, suphibe vc tinct, retain he 
form the ei ‘nferns tn have the ehenvare of alte the Chtagy afl 
Sete in arian dreaicentng the tlre Tine grep st oe 


opera ition to wach other and so ia fears f 
rela 
‘the batter the 


Bake Wn chug crt in er 
‘seeds olor artes white (reel te 


ogeeaminon. I compoatin alte fa 
‘ako in optical sarscters. "The mone prominent pr een 


6. Ricwrenrre, An amphibole containing MgO (18 to 21 per cent), 
CaO (6 to 8 per cant), MnO (5 to 12 per cent), ‘oxides (5 to 9 per cent), 


large amount. 
“jmerinile ts a woda-ahnphibole, related to moda-richterite from the province Imering, 
Madiiganaar. 


7. Aucwnovs Axumoue, Homblendé. Contains alumina or ferric 
ually ot, ith frre ion eometis mace), magnet 

‘ani ‘Hydroxyl and fluorine aro commonly present in small 
Amounts; also titanium in many varioties. ‘The varieties of hornblende hore 
inaludod range fron the light-colored edenife, containing but little iron, through, 
the light to dark ite, to the dark-colored or black hornblende, 
the alr growing darker With inteue in amon of won. Extinetlon-angle 
‘iti fo 01087 se below. Pleocot strong, Abworpton um at 
<V'<d. 


Enextre luminous Magnes ium Amphibole. Color white to gray and pale 
and also calorie, Ce = 40-G050, Resombien anthophiylite und. tremolite, 
famed trom the lovalty a, Eilenville, New York. ‘To this variety belong various pale: 
colored amphi, avag os thay 8 per Sant of iran 
"Rokibarovite "3 
‘yon Ko 


‘en, 
i'k variety from tho neighborbood of Lako Haikal, Siberia, named after 


the Rian ta 5 ‘ 
Gonouox Hon Panaaatre, ‘Colors bright of dark grees, and ifuah grean 
rere Seam anatTt47 Boro ual tone to nah p80 


rs ad eur ut hr ery, or grant; cms ern 
hn black nnd black: hinds, whether in wtout oF 
Bende de grea eft Ung ded ea 


way, brow, oF veranular, But nollng can be drawn between then, |The, 
oo BOLO ar Ne use = 4 Vi" 10 98° chiely. "Abworpling, X< ¥"< 2 

‘Seong ret of Corn, nan, sh ween lw 

co 7 Pigetai a i ec, X great 3 


et tS pa om or paler, 1 ct een or one 
oi ala Deosndeg fo ate 7a ca ec es 
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Lanits i 0 lochroie. suopbibale occurring tn, riabeckite 
spot Asal nals vay toll. “Ope MOM arial carne fe, rte 
Barroisite x deneribed"an an sexphibole Interwediate between hamblende and glaueo- 


and cimchenbite ia x magnesium-eaeinms amphibole, poor in FeO, hut ich ty seequloxidee 
‘water, 


‘input ia an senphiboe rich tn seqaioxiden, poor in magneia. 
i emetialy Whe satu na for tis sovepastieg ren at ee pt, 


rciene and Yousmaline) by ie dint leat 
Fibro and coleman ae ack ore nce 


cal ae te 
"athe igh inarerencecalor, by 

rahe hgh eter by ey 
Milica se tant olga ce 
fat ght, by chown the fiat meee 
and by having: lal cleny 


neh, ee Actas ae 
Hepa, ako nod are 

cy 
fehist, being the eet sn 


ns Tock, ne anit, ye 
‘lorite, gab, ec. The varity Known he basalts ie ib fou ly syne 


es 
the fc 3 others have been men- 

ecient rit Metall ee 

it Caplan sear Cotthan a Tang Sees in Italy in Val 

Separator a cen Siar 

cena and eaters Alpe, epcialy af Grcnee i the Zi Tel Belk 
ptt a 


nytt 
Hh 
tay 
jana 
Ht 
i 
i 


at Kragerd in Telemark; and at Saarum in Buskerw; from rs 


‘The important localities in the United State follow, Th Masmachuoutt, bck exyatale 
Chester, Hampden Co.; cummingtonite at Cummingtan, Hampshire Co ; whit 
ot feng Vly of Cannc, Tegal ea 


iy of Cana, Liteheld Co 
Conpeetieut. tn New York in Orange Co., from Warwick; dark yrean eryatale at Two, 


; 
[ 
# 
i 


‘SILICATES a7 
* - Ia Pennsylvania sctinoite at Mloeral Hill in Delaware Co.; 
ie‘ tenor Ba, Hara Ce 
is ‘remolie i audabt i th imetooe of Ontario ana Guat, Acinate 
taro. sek hornblende 


is 
{a found in Haliburton Co., On 


and Ont in Renfrew Co., Ontario; at Gi ils, Argontouil Co "Gusher (a e). 
Soke Mountain stk are found mt Buckingham Otinwn Coy Gude. : 


GLAUCOPHANE. 
‘Monoclinic; near amphibole in form. Cpiale priest in habit ly 
indistinet; commonly massive, fibrous, or columnar to gramilar, 
Cleavage: m(110) perfect. Fracture eonchoidal to uneven, Brittle, 
H. = 6-65, G.= 3-315. Luster vitreous to pearly. Color asure-blue, 
lavender-blae, bluish black, gryich, Streak grayish blue, ‘Translucent. 


lue, 
bluish violet, X yellowish green to colorless. Absorption Z > ¥ > X. 
tically —. ‘Ax. pl. || b(010). SP ee Sn bs ras higher values 
BV = 45% Dispersion strong, o < v. CS Al nradigetaate 


_Gomp. —Eastally Na( AEF) 0s with (lg; Fo}SO In varying pro- 
po 

cry ean 7 Sad psrhand tore aaa abs 8 
hetaline sent 


“od alusoltia) ot other pointa in Italy ot 
Champ de Prag and elowwhere ia the Valle d'Aosta: at La 
‘Ga the island of Corsien; from New Caledonia, and in Japan, 


pir 
[n the United States | rocks are found a. yes in the 
ae Unit glaucophsne over & lange ar (Coast Range 
‘Crossite.— An amphibole in! liate in composition between i} and 
pact ee enya tot ate ete fall cop 
als age gua rae co (OI), sh say 
EH ar Ge are apes 


Strongly vith, 
= 1559, 7 "1068. Found in California neat Berkeley, Contra Conta Con. 
Rages 


‘Axial Se large, inperiog, Siray plc Yond ia sop kin 

‘ents oaks at Toren fn Tet Rabeoeas Madagascar. Alm reported f 

Srcblltesyeuieloutheet of Tine, Was, Fra “Ati. = 
RIEBECKITE. 


‘Monoclinic, Axes @:31¢ = O'475: 1702205; 8 = 76° 10’ In em- 
bedded primmintic crystals, longitudinally strinted. Cleavage: prismatic (58°) 
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H.=4 G.= 94. Luster vitreous, Color dark blue to black 
ly —or +, Ax. pl. || (O10) or 4 (010), 
ronald 2 eee ees aed hes 
; a= 1003, 6 = 
y= 0m sige 


(late Nul'e(SiO)), with FeSiO, in varying. proporti 
It corresponds elosaly to acmite (glrite) among the pyroxencs: pa 


‘Obs, — Origiuallydeserbed from the granite aid ayenite of the island wf Socotra tn the 
Indian Ocean, 130 tN. E of Cape Gusrdatul Sh tars ete of Al wr 


eros i ery it cleeely reeenbling toursaline, 
‘iso ite'at Plana ‘on the Colle de Porta, Corea. To Portugal from Ater 
oa grail o Port, Comsiek tn Portugal fru 


rooms” Foun at Narr, Tulapeaad duinot Greenland” Hoses Magus 
ft tinea fo large crystals) ithe divteet about Ampasititike. Reported lao trom the 

‘nce af Kano, Northery Nigeria, 

in the United States it occurs in pegmatite at Quincy, Norfolk Con, Masmachunetin, 
Reported from the San, Frauolo Mt, Cononing Co, Asiana. A. ‘mineral originally ealled 
arfvelaoalte frovs Bt, Peters Dare, ik ‘region, EL Paso Co, Colorasa, ha been 
sthawo,to be near robeekite, A wie na, Teted to rebekie, tom Habebucan 
Ui Morey Ti i beaten dnc 

‘Cnocton ln Aaterts, ~ Pralnlly fo be corked a fro vit of 
bectite Cuca bre lor, bt deel neatly pepe, hid 


five oF earth rR totter “Colle: Inertia ar 
Koad grown to violet and indigo blue XA ¢ nals — neatly 0 
= Tas, = 10H, = 1700. “Cceur in Sond Ares in Griqalan-Weet, north of th 
‘Grange River, nat inthe neighboring district of Preska (often ‘by quits, forming 


‘a 
rom Wackeahac pane ehirpesk fe Vou Si, Bur thin, Pra. Th, Helis 
from the wovince Sf Cochabanb. Tn the Usted States from Went nue, Nef Con 
eae from pear Culatel Hl, Providens, Thode isiatd, nathan 

fata cet nae ces Noma fara, 


it A group of amphiboles bow in sills with eaten ferrous tron, mag 

enfant a Sa 
5 Be leer yee 4 | ee 
Ferran See ees oa i sy ao 
Post ca ting ih Pt ag ot 

licayenite at Dutgaason, Haslagt Car Osten. Sesh unphiore here here 
‘lene ft nejtelitoayeniten wordtarted, na coral granite. Vane with 

rs ee pe kee geek 
Haase Soman etaaniee cite teri faageli 
triet, on the Sea of Asay in Ukraine, Russia. YA ¢ axis = 14° to by Fivotomarite is 
sncther arity fromm the aarme’looalty wihy Rerouy pocdrotean, “XA ete Ee 


eG paner, ole beta ei ad nai in which x 
eq te i sian trl pete 2 me ut i aie 
Borns” The icbckite fom Golney, Manachuseit maybe the mate mora” 
ARFVEDSONITE. 
Monoclinio. Axesa :B:¢ = 05408 +1 :02075; 6 = 75°.44", 


Crystals I pe ais ‘tabular || b(010), but seldorn distinetly: termi- 
ore soi ea ths of ps bison pana agaseenen, on 
ww. pl a 

tic, perfect; (010) less perfect. Fracture uneven, 
Basie a nae San aah Cuwer eine Cone te ae 
in thin scales deep green. Streak deop bluish gray. Opaque except in thin 


‘SILICATES ora 


inters. Pleochroism marked: 2 = greenish yellow to bluo-grny} 
a reebies to treenen allan) X= poman bisa Opty 
| normal to (010). angle, ‘a = 1687, 2 = 1707, y= 
Extinction-angle on 6(010), varies X / ¢ axis from —14° to. eae 
Gre — A slightly basie metasilicate of sodium and ferrous iron 
with smaller amounts of aluminum and ferric iron. NareaAOHsuOe 


Byr, te. IAB, fnenn.2 ith nto to 8 black rng abl olor the 
‘ame yellow (ood); with the fluxes gives reactions for iron 


Not ected 
‘pon fy aca 
‘ovine. tha tone tas Ur a eae o rayvit els rngy 
“Obs. — Arivedaunite aa fl haa, opi ic nm 
Scie pega | mH a el ey id oth tha Paral vaca 
omnes oeublendo ia the Jlancbeshs dic ia 
Sather Greenand st Kangrtar irene e027 anoctted wih sale diay 
and fe ihe, Gi ‘oryetala are rametimes 9 Inches It also oeeure in Nor 


way sh itoayenites anit related rocka of the Lasigeruniifiast district aud in the 


‘bout ( 

‘in abe Ue agen stv ound of Red HU none Movtinore, Call Co 
overs Dome in the Pike's Peak region lb El Paso Co, Colornda” 

rom a magetite bearing quartaive in the northern Ural Miia, la near 


te 

TResamnonre from Norway appear tobe interme Denon afer al ate 
seve, WA Gatien PN ears > 2 ein 
Brown rl vegan Lab oen: d= roldah te grec jeion pal os Veo, 
(or roeash e, = 

a [ier amo fom, Keer, Tinlad, th Oren, 

ha been own By Xray maemo om Kar, Umea, Ore 

apgayiree” Aw Ample ary bt obese Sai oe 


tals, ee Serene, ‘prinmatic (05° 444"). = 5b, 
Sipeclrcte are ‘colors brownlah, Hectneti with pos on & (010) = 10° 
ie ee ets Fe Hy = ETN, = SIMS", cur ot ta wher 
i oly ‘ear Bark, on the Langenindiord, and elsewhere tn southern Norway. 
large erystale wt Lugar, Ayrshire, Soot 


moutiotrlnieeryatali” Clea 

etal dint (es ran Ly a ‘ial es bible ie 

ramon Inn a tele rmber tral, omer, arptre 

‘Sitinct und it ls doubtful {i whould be wo elamied.“O. = Sta ro gine. 0 Of 
" SOV sg = 


Strongly pleorhroe In shades of own with nbsarpon, <2 <2. Alga 
titlovi of tne felis ditt in enlficra Cova, a ery 
Nani uit, and Tupersintaink,  Coaryrite ooours: fa a cerystal 


ine ia as othe nd Polls (nn tare om) SE sidered 
thareliel at Aten Riu ale mnignativs bu connate ferrtur ode 
‘ancl alkalies with increase in alumina, ferric oxide, ete. Bim ‘Dasultie rocks in the Khon 
Gieet i Howen-Neawn und aewhsre tn Germany and 


Wapamnanry, Pelape, SqilS0, 370, Ondine 
a an) Sea Val fl 


Hexagonal. Axis ¢ = 04099, 

EE ert neertr pen cer ae 
eizaan rentea above some arent tie caters of one 
Hing at Ue povnts of terabeden. ‘The teteabetial groupe are Uae together by 


value 
‘shar 
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{ng of oxygen atoms tnto rings, having the composition BLOy. ‘Thine sic rings are 
{egctber by atoms atonse yng in ie center of fax oxygen stots and by boy 
Hie aoa lar ru far onjgen alana’ There ne 175 talcea NER 


‘usually iamatic, often striated vertically, rarely trans- 

Peer aise atlas pepesioal cesnanonte 1 heck tae 
course columnar or granular to compact, 

BBL AH = a Fay BOUL A ttt = ae Ba 

Cleavage: c(0001), imperfect and indistinct; rarely shows imperfect 

Sete Huts Saad etna Re Bee 

B= 200-240; “umally 200-270, Laster viveous somites veto 

‘olors emerald-green, passing it blue, yellow white; 

‘also. pale rose-red. Ciel ale Ttaurarest to eibtrnatocen DE 

Atcoiam more or jem datinet. Optically. Brwringence low. “Often 

febnormally biaxial, Indices vary with the presence of sm 1568~ 

1-602, « = 1-564-1°505. 


mf et 


| Bmeald. Color Ihchtemerahtgreen, die 10 the presence of a Nisa 
fen i ‘ear an feo {fom Bawa, a 


flr oar and large; green 
ea tf) ! | 
variety fro, Soul Weat Ninn hi 
Sblue i) pale vole or rod 
i ‘oF redilahi 
Cpe Wet yl, of way any te 
op peti was or ary Re Tin ren 


Var. 


Ear Yow 


. — BesAl(Si0;)s or 3Be0.AL0,.68i0, = Silies 67°0, alumina 290, 
glucina 140 = 100, 
ia (Nad, LO, sotoetimes prevent nn 2 
daa ds lp catatonia ts 
"alone, unchanged or, if clear, becoties milky white and clouded; at 
, and ‘vas 
cee eg eee 
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ae f either 
{te Ber in mont comment funn pret ck, eer nds th sete 


ite veins. It haw leo been ores with topas and 
‘chin ae elas dual ny Colombis soour is a situmtagus icnertonty 3 algae type 
oecurrence 
Harpo wiley debe I, and only the most important localities can be mentioned 
hore. Feria ae ke th the fotos Aquamarine Kel Ken tease a 
‘sive occur with topoa in the Adup-chilon Mta., south of N ‘Transhaikalin; 
iy Muti wth lair of aero 
jn ee es 18 latter Jocality is also a famous soures of emeralda, 
of ‘eixe, which are embedded in a mica schist, ee mall but beautiful green 
ery a na chet Sarg Bert ou ara a ae 


Inouth Wey Arrea nt Raingear ers, i Se Se tt 


‘inva ur 
fom settee 
‘hentia i us Carn a” a ari 
wna found voar Banta Rita do Govan dati ila Cerace 
eee Tt fous lot for I Sa Smo, 76 lento 


Eases agen Smt AT ag aca ant On 
‘fen Wang, tn Mascachonsite large beryl and soo aquasiarioe cryetale 
Wort ait rah fond Coe 
Tatler in Midlown Co at Tada 
in age colar ment Heng 
At Lejervile, and Chester. dn Novel 
hiner ony Pointy Alersodee (fa ia et era ened wl 
Kien Aden Colorado hone the mrt of Mk Aero, Ch 
Hp Cari prs ae yar lr pan aul Hive Cy 
Atl in Sau Diagn Coy n¢ Pals, Mian Cran, Taro 
Use The trnwjarest tera iota gem 9006; we above under Varios 


— Kam tally. a metaailionls of Ze 


lates, (Mu) CaCesNa.Ch eto, The formule 
Pci Ons tee hin, tied to brown tabula of rote 


‘or 

i 8G, = O80, 
Fusiile at 35, Opteal = iol-rans 
Sasa Be ele or ale athcse eth Seep 
‘ecole ooe Itbayenites and fp thei i a 
‘Snub ate ms “on the aka eit Archanel on the Witte 

‘sla, nd nt La Save on the t ‘Buccite from 

{alias of the in ater Norway Also near Anpanbticn, Madngsacr, 


‘Roth oceur at Magnet Cove, nant Hot Springs tn ‘asend Co, Arkansas, of 
{0p om lor. "Th ae ota 


nie," uaNasersiOay Orthotic. Te Shr ith, 
ee mnie He ae a Be ola ie io tnd" ary 
a» = er. x (010). 2 Pron Naren Jolla 
Shand dat, toulhera Oren age ontang much tant fom Nos 
ve ‘Kamlan Lapland, has heen called Manoetpide, Invioes, = 1681, Ses 


CAYEERIOy, Monoclinle fo tha parudabersgaual 

yt” Cheng paral to (una iO) PE ats, 
rll: telah eon, ae gh I aD 

Lanner’ dint ef enue Norwsy, i cof riaerats| 

{soon ony’ othe sand Llane Cat (nie eared oh J 


‘te 
trict of copticnlly lower, 
iis mel Wao rotted fon Sore, he Hoh Sg Gard 
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‘Munncawrre, A titaninm-airconium silicate of sodium, iron, 
In tabular masses. Micnceous cleavage.” Biaxial. “Color violet. 

Hhom La dave nod Hittes detietn’la pecs, northers Ha 


Cappelenite. — A yon Hexagonal, 
ita of yering sad tho, Boral, ete 
PER fans Smeg etal SaaS 
ae Seyret er kta Sty 
= = 413. B.B, infusible Optically phage ee 
Found very ‘on the island in the 
ny te Seed Fi oe 
rere see eee ee 
arm Taiied totes he ee a ‘34. Color 
lege Oa Me “Siel™, at grt, alt 


Bitonio. =A Mori of hora, the am nid trum mals and clean, 


eyelet cee ee tae aie a aia Ae 
Betac iia Langentord 


shout 76. Hare, Frot varius places in ie Langesindord tit of southern Norway. 


~ saben, Genter 
Pig cree ea is 
oe ae 


Grsieaiy <i pe OD) X horned to I) es TaTL, ok 
Soom Conse ea on rium lain th fond Uateet eouthern 


tof bey fn sou near 
SE EneGe ae "Teegal ini atari ‘sal len 
Ttumesemce: "Opueall Sometime aightly Maxi 

colons = V8I2 e150 From Whe Tangensndioed deciet'al aenens 


Eso 


Armoure. | (Sa FO(ALFon(SO)-107 Orthorkombie. tn gabular fomaa with 
ae a eed 
‘Vogtinnd distsct, Saxony. 


‘The two following minerale xre very similar to each other and should pemaibly be eco 


Topidine, CaAWO-F, Monoclinic; Tn minute _spearsha 
wag = dh 220 Coa pale mee Srey To 


ties 
se ei fm J 
eit net Me So 28 Gait Le Ott tata een eet 
the Ualted Sete eon Aer ey 
Centers oe 


eda een ie ee ejgned B= 
fern Tovah 
‘Find on sontach zazeral fs bans es Totacke River, Yectouss Oatrot, Siowiee 


CORDIERITE, Iolite, Dichroite. 


Orthorhombie. Elette c= 088717 1: eee Xray study of 
structure indicates possibility of hemimorphie symm 
‘Twins: tw pl 2D U(180), bots yielding pasido-hexagonal fons, 
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Habit short prismatic (mm’* = 60° 50’) (Fig. 87). As embedded. grains; 


" chomeage: B(U10) distinet; (100) and e(001) indatinet, Crystals often 
‘2(100) and . 
show a lamellar struct pe eo opel when sigh led Fracture 
mebsoneholdal. Bile 
ee aoe oop 20h Luster 
vitreous. Color various shades of 
Huo, light oF dark, smoky blue 
‘Transparent fe yenaliaat: “Pi. 4 
strongly marked except 
{in thin. sctiont. "Absorption Y 


>4>X, Y= dark violot, blue, 
or brown, Z = clear blue,’ X = 


fig 
lures, Optically —. Has also been 
se optically FA pl | (100), Bx 1 e001). Dig 
Tobby 9 <u, BV = 40" to SI". "Tndics variable, from 1534 to 1 
Carp.“ MeALSOu. “Thins te coneeition of artical material chat 
hins the chumoters of cordierite. ‘The natural mineral contains ferrous iron 
replacing a part of the magnesium; calcium and hydroxyl are also present. 
(The saa fr of he arial nina elie bore OE Ch mature a 


into e mlstare of wlieanite und gina. 
Eyre BE bes ctanaretty anf hie a 8 ou ta era 


foley to mfmation a om inter: 
‘biaxial character 


‘Ob Cordite mt 'b ie fret produ of gnu ation, being table over en 
siderable range of temperate aed feral apparently without ascematily Ube a of min~ 
Sore Gace ne eee eae 


‘ore cies are mentioned ieee others wilt found nde the 
tate rte ane Ay Bice Sart at nth prt 
in Wlaland wt Oriel wet of Lake Logo i Uureatasan [aise 
Sereda ‘in Aust-Agder and at Kmgero in. a In eyes at TWioedlenmaak ie i the 
erie dt Fran MEFs iis, Mar Cop fd ama 
te variety tn mal relat muvee Of 3 intenee bie efor stay of jeweler, 
In We era Sister piety in Gecnectea Jn Milan Coy at Hada ep . ia New 
Wear eee EAE, we wes sare 
famed Condon afer Coir, the. French a from fs 
ind hho ey“ Diciea eb Szsenr toes) ron tohrobene = 


i — Fhe lteraton of cod es pce ce realy by. ardiary expomar, that 


Tak | te and poly. 
‘ehrole trom Takara, Nervoy. hore are fori ailalioy Kista, pint 
‘stapes gonial, tei, tnonaing to the Mien Group. 

fe. tl woetien unl 


is 


Sossex Co., Now dese 
Gaaomaliter — Ph, i"OH) CaSO 
save, granular” Printati eleavage 


eee 
Rilke ‘Walle “push tee vathee’’ C980 kon Prk, Susex Co. New 
ah fermiand, Sweden. 


asa erage sat, am 

(0 = colorioes, = ted. Found in m rook epecimen Trom n moraine feat the 
Sh Sy Sahni, ae 

ite. —BaFeF'esiOw. Orthorbombic? Fibrou H. = 55. G. = 39. Color 


Taran oa 
idish brown. St pleoe! X = ¥ = tleehred, Z = almost blacl 
Frag it lnasione 1 Gatoglan in tho ms 8 


II. Orthosilicates, RSiO, 
Salta of Orthosilicie Acid, H,Si0,; characterised by an mtio of 
1: 1 for silicon to bases. he 


wai eis following lint includes the more prominent groupe among the Ortho- 
joates, 
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A gumber of bneic orthoeilicntes are here inclu which water itlon; 
als ke hick ee ar os tae tater one, ba wl are 


Nephelite Group. Hexagonal. Scapolite Group. ‘Totrsgonal- 

Sodalite Group. Isometric. pyramidal. 

Helvite Group. Isometric-totrahe- Zireon Group. Tetragonal. 
ral. Danburite Group. Orthorhom- 

Garnet Group. Isometric, bie. 

Chrysolite Group. Orthorhombie,  Datolite Group, Monoclinic, 

Phenacite Group. ‘Trithombohe- _Epidote Group. Monoclinie. 


Nephelite Group. Hexagonal 


‘Typical formula RAISIO 
Nephelite (Na, K)AISIO, ¢ = 08389 
‘Ledanepbslve artit) NudISi0, 
Bueryptite LiAISiO,” — Kallophilite KAISIO, 
Cancrinite HeNaCaNaC0,)Al(Si0de 2c = 08448 
Microsommite (Na,B)nCaAbsSisOnSChy 2 = 08367 


‘The species of the Nepwxxsre Guove are hexagonal in crystallization and 


have in part the typical orthosilicste formula RAISIO, From this formula 
nephlite itself deviates somewhat, though an artificial sodanephelite, 
NaAISiO,, conforms to it. The species Cancrinite and Microsommite are 
related in form and also in composition, though in the latter respect some 
what complex. ‘They serve to connect’ this group with the sodalite group 
following. 

NEPHELITE. Nepheline Eleolite. 


Hexngonal-hernimorphic (p. 118), Axis ¢~ 083808, The structure of 
nephelite corresponds {0 normal hexagonal symmetry; it is only in its etch 
fgures that hemimorphie symmetry is suggested 

Tn thick ier Ielvesided prize With lane or mowed. summits 
Alp massive compact al in grains; structure sometimes thie 
colunsnar. 

Cleavage: m(lOTO) distinct; (0001) imperfect. Fracture subeonehoidal, 
Brittle, Ho — 85-6. G, = 255-265. Luster vitreonia to greasy: n little 
‘opalescent in some varieties. Colorless, white, or yellowish; nso, When mas- 
stv dark ren, gro or bluish gray, trownish rod aa ricer rans: 
parent to opaque. Optically —, Indices low and variable: a = 1-586-1°348, 
= 1532-1544. 

var. —1. Glan, —Uosnlly in mall or 
vith lireous lve fs ound oa Mes Soman Ventre Charmer partly of 
Peet mealee wilk'n grea ater, sed recoh, greek, beowalah et Ways olor 
{Bello iy tte inlanonn Ghasncterie'l granilareeystaline tock, yet, 
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= Menge hrprtie ‘This is De competion of the ere meet 
tural nephelte always contains sills, in varying excess mal 
famipurtia of porn, “Tbs eben paction usually appeeictecaten bo NogEGALSNON. 


he easebor di og ie Hisense nds pose San 
snl Rte em ting cans opt th cempntin NuAB, 
{Grn "he pence of potty eect orf Ahe ft tha RAIS, hae bee 
seers ieee ec nat es 
forall geieriel oeeramempemeen pn hi Tree a 
sheculen in ‘solution, ‘The variation in composition may also be tined hy oon= 
sls in ge eee ara nee om 
scien. To otto assis, ‘of the group are normal orthosilicates, vir,, eucryptite Me 
yo pia 
a eo a tg tm ot 4 eee 
i pec pt ser : pri 
seg ies ebeinnisane ot eee, oars a 
Piper, ste. —B.B, fumes qulaly nt 35 to a coloreas lass eilrinig the Girne yall, 
Goiniiniees with aciia, 
eaeone the Sie csuiu can tas eh el 
ai ee ke fling ih le trom eed l,m 


thin metons byte ow reat. very low inert 
perl extinction when in expels fait negate asa 
Se lel ba rnd woven, pez ard iby 
ebm at cep 21)” ST cnc ova rv ogi saa 
tert re rs sion of ikl Yolo the secon treat with diane 
toa tran eatinoun een, Wh conta Ue wept pr, wh as 
true ye 
“Ari. Neplalte i esily prepare artifelaly by fing It salient together in 
the goer orate 
a= Nepales a rather wie 
rocks) fh igneous rocks ax thw prodit of erystallintion of tengo rich 
‘Soe time ow in slen whe Tet proven ye wa ro bale ae hy 


om cht 


In ori he varie st 
orks, while the nae nephalite wa ori 
tru lavas; the term have fo this wer the Ax Flatve ncn. ae aPlocaat ho Sank 
ing ‘Modern unugo, however, tends ta drop the narne eaedte 
‘Mux, Tounia. "Aldo in a sock compoeal of ofboclas nephalte ahd rotate, om Dice 

rom the basalt of the Rataenuel 


pear Hiel= 
j Hate. Tn tay tL ocours in the 
‘Tho syeaitos of southern Norws 


iit see bi 


i alae to It pre 
= Nephi senlly alert nd in various way Cie changes to vari 
nt eration nny price 
‘leacenus tntedal- Tho fellow are of mich & ehurncter GlestSi 
er peli “TC acura Gren iy tal pre gay pm of Grey tet 
Dhan x Lew ium Daan ally to ence ab 


ay Rew York 
Be hone on aly Py yr Asi ‘Seefurthee Pratt ur ibe 
ita Grow, 
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Kaliophilite. Phacellite. Rea jaonurnimyl 
mmounta af womorphous Ni (ee ctr hs) a eats 
Pty eee ead 

fet en a 


CANCRINITE. 


‘or greasy. 
translucent, ‘Sealy =, w= 1515-1 ‘= 1'491-1-502. 
Come rag shia eel 
387, sete 63, al 


Tho follow of formula. hae boon sugxested for the mombers of the cancrinite 


"aN in ae tie a tye replaced by IeeAlgShOs oF 
Eten! Ra, Rady, aby oe 
nner oi eee wba water BR: te i Fan (Fs = 2) with 
amen to'8 white blebby fai rom 
nephltnFifervecen with forma a jelly on butnot before. 
= i hmong ta reeset te gh terrae 
cctery and nepative untaalal ehrarter, Tia totam sasocla 
sie he alba charatrten “Eesha of CO uel iting ro lt 
‘he exthonates which aio such, 
“Ara ~ Chorin ha be por Silly jing nr Tider proure 8 
sii ot, shining td Temmtmoat of nophalite and 
ta by wu entboate at tghtraperatare: 
ac Cerne oar oy ken oO the nit. i rolled 
afm Toei part beloved to ah {ay formed directly from thie tboltea aga; 
epee elt to be ‘af eo aerate iy Itai mates 


mel, {arborate In sat 


“AY Late, M tke sod nwa Our th 
was ami sant Ontario, Named after Count Cane 


sane FEE. sont Si Oly pbed fa aD 

voce} pee ea ey ll 8 ad 

pee es cae 

ee oe a cer ee 

SEN is Uh Socata ESTEE uy 
‘ear microsommite. Contains the following molecules: NacAlsSlOs, 

Pe Rioarccmocn gf ores et ss 

SALES Nato Guy cach, Eereel Cioy Oru + tary 7 


Sodalite Group. Teometric 


‘The species of the Sodulite Group ure isomnetrio in erystallixation and 
hops tetrahedral ke the alloing rou Xray study shows a close 
larity in structure between the of the Sodalite and Helvite eee 
In composition the minerals of the Sodalite Group are similar to the minerals 
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‘80, and 8, ih are’ chenents etely” sham} tthe: sents ‘The 
KeAlSigOy und 


588 
tbe Cooma Crop and Hh Hy pool in wong saline wih 
» ‘CaALSiOs may occur in small amounts, replacing 


Sodalite ‘BNo:ALSi:0; 2NaCl 
Hoiiynite BNaeAlShOs.2Cn80. 
Noselite BNagALSisOy, NaSOe 
Lazurite BNaAlSii0,.2NaeS 


SODALITE, 


Tsometric. Study of tho atomic structure shows a normal symmetry, 
although etch figures have suggested vtenhodral eymmetry, ‘The lattice i 8 
fimple cubic one, but near that of the body-centered cubie type, ‘The unit 
fal conta two, mokelen seat th dca obi 
11), forming hexagons elongation lirection of an 
elabosal a CPi IR Ao ‘mamsive, in embedded grains; in 
concentric sede fect sini, formed from elolite, 
dodecahedral, more oF low distinct, Fracture eonchoidal to 
Rg reg a 5o6 G, = 214-230, " Liater vitreous, some 
times inlining to greasy. Color gray, greenish, yellowish, white; sometimes 
Bie ayender eAtengi ied avec ta scaieoon’ Susek anes 
a= 
Comp. BNaAISIO,NaCl = Sillen $72, aluminn $10, soda 256, ehlon 
rine 7:3 = 101-7, ae (O = 2Cl) 17 = 100, Potassium replaces a small 


bine vars bigome white and Ba 
clita gh. ole yer sel 


pes sore asks, nil, nd ats yer et lana 
a! tha talboral tn ciltte rire maki ‘sod vesing or Calerixe Wr the weaplone endl 


ain hin wtlon, 


Manis = Sodaite can te obtained by fusing nehelite with seam chloride abo by the 
i eodham cecinnte na stale nein pry psp 


“Oba. — Salalite oceurs only iene renin tbe fepltesyeite ani relat rock 


groupes ana praduct of the erysaliont sic in way ale nam poset so 
itd oat men hm ce uch zuagr ithe form of avs, a at 
Verna Conant se Tepblite,eanernit aul coding Tn mote ine 
Mines It occurs‘ aah ihr ee foe gh the alten 
ephte, “ume Miao ins Mia” Hs rene ck vith epee 
tn fldopary st Di "Teanlvanin of Rumania rw pep ite wilh exe 
‘erinite, ete. Aiea aa hia Scene te teanaticent,dvdeealeal erystala, "A 


lig al amount sara trioxide hae beens 


se Tita St eres ees pta West Gardiner, Renaebee 
pry Tan vein ut Suet Eacx Co, Manachiaet watt re 
She Sedat ooure i the hepltespenica of Queber nad nt Dungannon, Hastings Coy 
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‘Ontario, Ala in fipe lange masses with blue color on Ioe River, a tributary of the Beavor- 
foot, near Kicking Horse Puna, British Columbia. 

damanite, =A sodalite soutalalng about | percent of the molenule 3NnAISIO ¢teS 
from rock called iawite from the Tawa valley on the Koln peainauls, Lapland. “Color 
ISD volt wie tales on exposire fo ih mT, 

"ucrterrrs. A silicate of sd and aluinltia with  imall amount of chlorine, 

putely ONOOANACLOAKOs 12510y-  Reffuctive index lower than that for nephelite and 
BiaheY chan sodilite.  Ooture as grains and minute crystals ix phanolites of Dunedin, New 


HAUYNITE. Hustyne. 


Isometric, Sometimes in dodecahedrons, octahedrons, ete. 
: tw, pl. o(L11); contact-twins, also polysynthetic ponetaation. 
twine (Fig. 431, p. 187). Commonly in rounded grains, often looking like 
crystals with fused surfaces. 

Cleavage: dodecabral ether digit, Fracture flat conchoidal to 
uneven, Britt, H.~ 55-6, G,= 24-25, Luster vitreous, to some- 
Wwhut ireasy, Color bright blue, sky-blue, greenish blue; asparagus-groen, 


* 
OAD « 
Be acl nla 


wv, Streak slightly bluish to colorless. Subtransparent to translu- 
bar enclosing aymmetrically arranged inclusions (Fig, 879), a = 


Comp: —ANaAlSi0. CaSO. Silion 320, sulphur trioxide 142, xlumina 
27-2, lite 10°, soda 166 -— 100, The moleoules KAISiO, and CuAl(SiOd): 
toy also be present in small amounts. 


Ripert rare emer tenet emt 
white glam.” Sol ach a ina alien up eva 
eRe sees Tete sulphate rien! with arian clone. 

Micro. —Sirar to moalte, whieh tee 

re ates been produced artifically tn the mame way an with oodalite with the use 
ot gutted any tn goes rocks apa the extn can 

Fe us re u ive typen., Commonly: 0 
ee ne et seit and Wal cited wi neti o louie. 

Hi Tialy hugyolte ours inthe Veruyian lavas, on Mte, Somma; on Mie, Vulture, mouth: 
prt tty Hy in coer ava he ae Hse, I 
Metal dts island Sidoren, Taser Se, eo the Rime 

se. 

‘Wcalite. Nowean,—Noar habjynite, but coutsion ile or no lime. ANesALSiOs 
upd Clr ape Ha, wah: ms my eo the ro 
ph a ye Soe EL n= T4e-1400.  Nowlte hth 
litle of eaters nnd omoctiion sa batyoite. "Fowl ut Laacher See ithe Ea 
sce’ inland trom the Keuerstul, Haden, From Albaoo pout of Rous, Maly. 
fac phonies of Cantal, France.” Found in te lnvas of the Canary and Cape Ve 


LAZORITE, Lar Lanvts. Lanurite, 
Igomatric. In cubes and dodecahedron. Commonly massive, compact, 
Cleavage: dodecahedral, imperfect. Fracture uneven, H. = 5-55, 
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or halve (eometnues Chaaget to» seaiey, fon from rom, scp aks 


ste i opi clei pt i sme ecw retry ena 
(alislersnined sa Iyer onl posely cael’ Pepoted eto een 
sf contactsuetamarphics tn mestone' 
Bic, Sn modal whch we h 
slow! wie beat green lug bit he solr of teeaine ee seule ing Nee 
hr et repays ig 
‘Saiy G) with intantesoencs a whit Gu. “Solee sb eid and pica gust 


ire naaiesiea ae ae memos 
Saeed nce fares chorea 
e 


Helvite Group, Ysomotrie-tetrahedral 


Helvite 3(Mn,Fe)BeSiO, Mn 
Danulite 3 (Fen, Mn)BeSi0, ZnS 
Bulytite BuCBOns 

Zunyite (AK(OH,F,CD,)Al(SiO)s 


‘The Hetvrre Gnour includes several rare species, isometric-tetrahedral 
fp eryxiallization and in composition and sruetire related to the species of 
eo Gaour. 


i 
‘Tsometrio-tetrahedral. in tetrahedral erystals; also is i 
cal masses, The atomic moon hte to that of sodalite. ee 
cell contains two molecules. 
Cleavage: octahedral in traces. Frneture uneven to conchoidal. Brittle. 
we bane : = 3:16-3:36, tates yi Fe 30 ceelnaba! Color 
iey-yellow, inclining to yellowish brown, and siskin-green, reddish brown. 
Streak uncolored. ‘Sub it. n= 1-739, Pyroelectric. 
ee 
eee aera eee ee 
eae te 
Soci Sante rage ea ae a 


U 
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Found in the Timen Mia, Ramin, near Miask, tn 
in Saxony 


4, Garnet Group. Isometric 
RRGiIOd, or SRORO.S80, 
R=CaMgieita. R= Alife,cr,Ti. 


Garnet 
‘A. Gnossvnanrra CuA(Si0) — E. Axpnaprrn  CasFo(Si0, 
A Geese rec. abe eiteleo 
x F, Uvanovins GaGOds 
GCaFo, TH) CSL TIONs 
The Ganwer Gnovr includes a series of important sub-species included 
‘They all eryatalize in the normal clase of 


GARNET. 


Teometric. The dodecahedron and trapezshedron, (211), the common 
simple forms; also these in combination, or with the hexoctahedron (321), 
Guibic and octahedral faces rare. Often in irregular embeded grains. Also 
mame; gramulag coarse or ine, and eometies fable, lamella, lp 

thick it. Sometimes compact, eryptoorystalline like ite. X-ray 
Beer Las ails mate ahve: oomanloaned oat) cal containing eight 
molecules, ‘The SiO, groups are independént of each other; the Rt atoms lie 


in the eentor of » group of six oxygen atoms and the Ht ntoms in the conter 
of a group of eight oxygen atoms. 
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Parting: d(110) sometimes rather distinct. Fracture subconchoidal to 
uneven," Bitl, etines fable when ganar muses, very tough when 
Coapact eryptocrystaline. He = 05-75, G. = 316-43; varying wit 
Composition. Luster vitreous to resinows Color red, brown, yellow, white, 
apple-green, black; same red and green, colors often bright. ‘Streak white. 
‘Transparent to subtranslucent. exhibits anomalous double refraction, 


&@ 


especially grossutarite (also topazolite, etc.), vee Art. 441. Refruetive index 
rather high and varying directly with the compaction. “The diferent pure 
molecules have approximately the following indices, 


4-705, Grossulurite 1735, ite 1800, Almandite 1890, Tvarovite 1: 
Pore 1705, Grom Spesuatite 1-800, ‘890, Uvarovite 1870, 


1 —An orthosltieate having the general formuls Rat(SiO,)s, or 
3RO.R.O,SSi0;. ‘The bivalent element may be ealeium, magnesium, ferrous 
iron or manganese; the trivalent element, aluminum, ferric iron or chro- 
mium, mrely titanitim; further, silicon is also sometimes replaced by titanium, 
‘The different garnet molecules ure isomorphous with each other although 
there are apparently definite limits to their miscibility. ‘The majority will 
be found (o have two or three component molecules; in the ense, however, 
where three are present one is commonly in eubardinate smotmt, Tt has 
been. pointed out that the garnets may he eonsidered az consisting of two 
feomnorphous series, « pyrope-altnandit-epessartite series, and a te 

te series, ‘These two have at least only a slight miscibility with each 

ther. The index of refraction and specifi gravity vary direelly with the 

‘aration in composition, 2 

rar. — There are three protuinont groups, and various subdivisions under 
each, many of these blending into each other. ates 


SILICATES: 593 


1, Aluminum Garnd, including 
A Grosscranm Calium-Aluminun Garnet CavAlSiOib 
B. Pynore Magnesium-Aluninum Garnet MgAl(SiO.s 
©. Atsasprre — Tron-Aluminum Garnet FeA(SiO\), 
1D, Seesaakrrre  Manganese-Aluminum Garnet etek 
Ll. Tron Garnet, including 
E, Axoraprm — Caleium-Iron Garnet CasFex(SiOu)s 
(i) Ordinary, (2) Muguesian. (@) Titaniferous, (4) ¥ttriferous. 
ILL. Chromium Garnet. 
P. Uvanovrre  Caleium-Chrominm Gamet Cain (Si0,)s 


‘The name Gamet is froga the Tatin granutus, meaning like a jain, and directly {rom 
enemas tbe emda a wh ae al mens ed no saeco 


A. Gnossutanrr:. Essonite or Hesconite. Cinnamon-stone, Caleium- 
aluminum Garnet. Formula 8Ca0.ALO;38i0. = Silica 40°0, iliumina 227, 
lime 373 — 100. Often containing ferrous iron replicing the calcium, an 
ferric iron replacing aliminum, and hence graduating toward groups C and 
E.G. = 838. Color (a) colorless to white: (8) pale green; (e) amber~ 
fand honey-yellow; (d) wine-yellow, brownish yellow, cinnumon-brown; 
(@) rose-red; rarely (f) emerald-green from the presence of chromium. Often 
showe optical anom (Art, 441). 

“Th 0 tri (ite kn part) Yoehuded the from Sibir, nie wus 
sc ere eel Me pe Bi 
fe coumite (nore properly hawonle),Inclued w eintaupt-colored vacety from Ceylon, 
there called hyacinth; but under this name the and yellowinh red ‘wre, asin 
Includes “ached rom emus for, becouse o wa hans unas the rus hyacinth which 
it resemble Seesinié oan “ainber-onlored kind (ror the Als valley, Piedmont, Italy, 
fore en, clos, and yellow-brown gamete ar ot inynibly gemma: 
iting Yona, ‘Monn, ete) Telone to the proup cf Calcite lroa Caria oF 


B. Prnors, Precious garnet in » Mag ium-aluminum Garnet, 
Formula 3itg0.ALOc380. Silen 445, akaina 254, magnenta. 208 — 
100. Magnesia predominates, but ealeium and iron are also present; the 
original Lproe also contained chromium, G.= 3:51, Color deep red to 
nearly black. Often perfectly transparent and then prized as 4 gem. The 
Haine pyrope i froin ype, fire-fike, 

Rhodolite, of delicate ahadee of pale ruse-red and purple, brilliant by reflected ty 


sSeresponsi in composition to two part of pyrope and one of almantite; 1m Bacon Ca, 


©, Auwanorre, Almundine. Preciows gamet in Corainon garnet 
in part. [ron-aluminum Garnet, Formula 3Fe0.Al0;.38i0, = Silica 36-2, 
lumina 205, iron protoxide 43:3 = 100. Ferrie iron the aluminum 


to a greater or less extent, Magnesium also replices the ferrous iron, and 
thus it gmduntes toward pyrope, ef. rhodolite above, G. = 425. Color fine 
deep red, transparent, in precious garnet; brownish red, translucent or sub- 
‘translucent, in common garnet; black. Part of common garnet belongs to 


Alabanddie les of Ph called becaune cut and ‘Alshande, 
sla etcetera inact tnt emt 


504 DESCRIPTIVE MINERALOGY 


Spuscamrrre, Spessartine, Manganese-aluminum Garnet, Formula 
3Nn0. Akon, = Silles 36-4, alumina 20°6, manganese protoxide 43:0 = 
100, Ferrous iron replaces the mangunese to s greiter or less extent, and 
ferric iron also the aluminum. G. = 4:18, Color dark hyncinth-red, some- 
times with x tinge of violet, to brownish red. 


Pertchinis orginally decribed sxhtving the same compotion us spemitite bat eno 


clini erytalivation, hae been shown to bea garaet neat n= 1ST, From 
the surferour mae ot OlahsPian near Sober Kasse (Sadibach) tn ibn (Saebet), Trane 
Sylvania, Huai 


FE. Axpraprre, Common Garnet, Blick Garnet, ete. Caleium-iron 
Garnet, Formuls 3Ca0.Fe0,.88105 = Silien 35°, iron seaquioxide 31°, lime 
83:0 = 100. Aluminum replaces the ferric iron; ferrous iron, manganese 
and eometimes magnesium replace the calcium. G. = 375, Colors various; 
Wine, topes: and greenish yellow, spple-grean to emerald-green; brownish 
red, brownish yellow; grayish green, dark green; brown; grayish bluck, black. 


emmd Andrade ar the Fortune mpeg, Andes who bs 500 decribed 
nt dE ase a STERN there are the following 


iron co a a en le al 
ie etre a at Saree eo 
green to emerald-green vari et dn ie ae a rent. yee 


for eto 

finer stl urvaly with ideneat Ha ated afer rain toehong, (Sedat eos 
pry bak), ack ether dal or lustrous, cinerea, oa ined Pp 
fee rae mae ay ‘Disk green garnet not distinguishable toa see 


‘brownish ‘Franklin Fur 
poe ipoheremcns mre sene 
ee eerste Core et 
See ean norte ieeceraiets oes 
ees ia Saud on i na : 
Seap (FaADsOya{eh Oe. etn gndtate toward minrlonte “Cue Baa 
NAN a Relea 


F. Uvanovire. Onvarovite, Uwarowit, Caleium-chromium Garnet. 
Formula 3Ca0.Cr,0,.38i0. = Silicon 85-9, chromium, sesquioxide 30°, lime 
335 = 100, Aluminum takes the pice of the chromium In part. H. = 7-3. 
G. = 841-352. Color emerald-green, 


Oh cil rss end, St Cle Sg nd nn 
aaa ae ee eee es 
= Sarees Seems 


Se aie meme eae sr pari ee a 
Sse; al maape ares rselorie afb pera 
‘Yield gelainoumalien on evnperation. Decoropascd cn fuaion wilh alkaline eatheantes, 


‘Diff. — Characterized by isometric ‘usually in inolated erystals, dode- 
caititn 6 Eapebelroinmsaiee faa rare, the amly gai: bd 


= 
Fa gg ee dP 
ieee 


whether altered by local igneous or general metamorphic it ie thus 
Tound i the Contec sone of trode yeni rocks aed in 


‘Spears ormarn racic ro 

nol with opus in ithophyss fra 

fudande in cofamon in eruptive ro 
mn 


orig ster, but only in-part due to nara 
SP sBiber gpa, A Hack prec 

5 exyiaa rom Tvedeatrand, Nore 
6 


Pomafble to definitly place's given in 
ama to deftly ‘Soourrence i ane part 


Jah coloe comes from the banks of the Vilui River In Yakut, 
"Achmatovsk near Kusink ia the Zatoust district, Urol Mis, Kusnia. Is 


i and 
eewatt tn Valais, ote." tn Mexioo io. Tosered dodncabedrons at Xalostoc, 
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called variously londerit saloorite, and rovalie; alan from Juares, Lower 
Calforls: 
‘Eyrnps oro in Bohemia of Crechoslovskin fn serpentine whieh hae bean derived from 

spe varlous ina ea, Soro, wher he ‘variety used aa & gen ha beer, 

ne ddehdie la yectly Ue toon commen variety of garnet. 1b found a the Tyrol, 
‘Avgtro Io hyacothorad oe brown crystals fro the Zillertal apd the Oetatal. AL 

in Nordiand, Norway; large i ‘rom Falun, Swedes. In gen 
Sark Hil, ral, Cresta gs ea re nd ie 
chloe the Ainpandsamaikay © tnbutery of the angaky Hive, Modagaera, 


from 
chlorite 
In walle 
‘Safined individual crystals from pegmatite at Yarmino, Hilwcht! Provines, J 


Tak ergata Grande) are found on Mie 
may Vaguviit, nbd {fom near Barkge, Hautes Pyrénées, Pranee (pyrene) A plame 
‘goers iy yellowish and brownish greet exyitals in Saxony at Breltenbetnn and Sehwarsery- 

"brown to Wack, Nighy tapdiied eryatala in uhe Pitaehtay ‘Tren, Delyt other 
Katara, Veal Seo (gi i ag a 

in AusioAgder, Norway row Pikaeanta on 

“varie i found ia the Ural Mis, Tuma, wt Sarunyekaye near Herne; alo fa the 
viety of Keyuhtyragh, northeast of Ziatoune” Al Jordan bs Silene: 

“thn Unite States ares foul Malo 


& 


Wi 
Newfane, Windhar 
Satan 


from Wott ac 
ar oe 
texpmat ‘Yona Wily Eat 
icy in New Jory al Fron, Smee Cy eyes 


fear Hot 
‘Spina, Carlini Co titan ‘rope wore trot th nethwentern 
ese Mea en ortbeatrn Artaoan alot rt Detanie Apaeie Co i 

“aloraido tn Chae Co, 8t Nath fine mpeasartive in lithophiyaan tn rhyolve with quarts 
‘nd Uopa in larg dodpenborrsleryatala, ip to meee than 14 pound i weight at Ruy 
‘Mt, insur Sala, the exterior being nualy gree fon kaj of eho de to alteration, 
fo tare crystal trom arisaer Clon -tapaaedien Seon Crores Batis ‘Commie eae 
(California, eoonite, 1 five teanyparent eryntal, comes from the varfohe tourmaline loealt 
Meni Sa Dre Ci He aga ra an Bernardi tad Talo oy (spa), 


Hvaroita fram Nev Ira, San Benito Co, Fine cryin of idea symmetry ot sch el 
colorant nt rte mre i tamer ocean the nin chit at Wega, hen 
the Stileine Hiver, Alusks eee 


Gia sate ate gui tit Melle a aS ope 
ocag ie emer tren at a Ooo i 


ple llvegroen, or 
Krowsbh coyotes at Wokeleld, Gciaws Coals other inight gran Cantying tht 
‘Ria trou Hal, Cena Cox a = ih 
Ti. The va soral au trnmpren, ote ae onl a cmigecoun ge 
ce 


aaa Usa tnanve back 
res her HT Om SSL ASS 8 Sen 
$4 wo 20, "Tn nal amen with Depend Heookte from Alugnet Cover 
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(Garland Co, Arkazons, In mame of considerable isn from 
TEE irc tbinty of the Deaveont usar slg ies Puss Betas Countia 


Chrysolite Group, R:Si0,, Orthorhombic 


hy 


HOA ITO OA OTL od 
Monticellite — CaMgSiO, 46°54’ 59°52" 04387 
Glaucochroite CaMnSiOy 47° 36’ 60° 18" O44 
Forsterite — Mg.Si0x 49°51’ 60°43" 4048 

ite fgFe)sSi0, 40°57’ 60°47" 04056 : 
tonolite (Fe,Mg,Mn);Si0. 
Fayalite FeSO, 49° 15° BOP 10" 4584 
Knebelite (Fv, Mn),Si0, 
‘Tephroite — Mn,SiO« 49° 24/ 61° 25/0460 ; 1: 0-5930 
Larsenite PbZnSiO, 04839 1; 05324 


‘The Cammsourre Guour includes  veries of orthosilicates of magnesium, 
ccaloium, iron and manganese, They all erystallise in the orthorhombic ays. 
tem with but little variation in axial ratio, The prismatic angle is about, 60", 
‘and that of the unit brachydome about 60°; corresponding to the latter thre: 
fold twins are observed. The type species ix chryxolite (or olivine), which 
coutaina both ‘maguentim and ton in varying proportions and is hence 
intermediate between the comparatively rure magnesium, and iron silicates, 
X-ray poady of the atomic structure shows that the SiO, groups are indepen 
dont of each other; that the magnesium atonns lis between regular groups of 
ix oxygen atoms’ and are of two kinds. In monticellite one set of mi 
nesium atoms i$ replaced by calcium atoms. ‘The oxygen atoms lie near 
{in the positions required in a hexagonal close-packed structure, 
In form, the species of the C! lite Group, 10. are ct rolisted in to 
Sania. te uri xp MAD 


Si ‘he Diaspar Croup, 
i ‘Thera alo an inarestg ration ten fue chryslites aud the utes 


i 
(oe p. 


CHRYSOLITE, Olivine. Peridot. 
Orthorhombic, Axesa : :¢ = 046576 : 1 : 0-5865. 


mig 
BAL 


iol A 
oa A 

nag: oe 

Wi AI = 713% 

‘Twina rare: tw. pl. A(O11) with angle be- 
tween basal planes of the two individuals = GO 
47’, penetration-twins, sometimes repeated; tw, 
pl. to(012), the vertical axes cromsing at an angle 
Ks con ie Seontals often flattened || {LOA AOTC, Has Gea! 

¢ axis, compact, or 3 in eml 

$B) tatberfistnt; (100) less 6,-Eractare eoushotda 
Brittle, = 65-7. G, = 327-337, increasing with the amount of iron; 
$57 for hyalosiderite (30 per cent FeO), Luster vitreous, Color green — 
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ve-green, sometinen brown , be 
gy re yest Ut [eal aid 


(O01), Z 1. a(100) <™ 
” A eg 
ie with rise in percentage of FeO at ait 


Me sen becomes — Ts 
‘with change in percent 
ammmoniy a = 1095-1085, be Os-10T, 
7 = VOT=1-89, 


brought fram the Levant als it the exc 
loenllty a not known, 
Commons, Olivine, — Dark yellowish greet 0 slive- oF 320-840, 


jeminated (n cryaala or rai hbase nena Toca, bean buen, oes 
iota ian Wgly fervagious vary. © sa 


— (Mg,Fe):8i0, or 2(Mg)Fo)O.Si0s. “The ratio of Mg : Fo varies 
widely, rom 16 1, 12: 1, etey Io’? : | in hyaloalert, and tense ae 
from forsterite on the one side to fayalite on tho other,” No sharp 

be drawn on either side. Titanium dioxide i# sometimes present replacing 
aslion; also tin and nickel in ménuite quantities. 


et BL. wie, tte afl a mot ein; hyaleiderte anid oar raetin 
iro fume to hk magnate paul: sone Line ats so With the 
{hues ives rections for ia” Sana varie len retina fo ti clan anf eangunoe 
Si oc alll ig lat enw ropa 


ae ats scleral i! olan gran frm wo lone 


ae 


Micro. — Teng nya erica ah eit Sto giant! 
com ees te enn ne ‘aril at aa 
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ine, eat with sea erin) whi date cra, (Pig. 80-80), 
ee a ey ent ceric ere 
to bespen iS fit ged tne ely the pra oo 


Anti. The liferect tober ofthe Chsote Group have teen els wynthesned 


ee 
“Obs: Chryaaite (alvine) haa two ditinet methods of opcurrence:_ (a) 
sock Ss pA nats al" dius sal gure orned yt eiationon of 
Tongvus iw in allen and Hels ln iuagnests; from an Aécemety eUtaponent ta mich rio 
Thetlivioe may hicresve in amount wt Ie te teain rock eaatituent nai nies, 

nt fortran ft gone congiing agri 


‘iatoa, 
Alay ot 
Ballito i ke (xine epi oration econ me 


"Among the mora prominent localities are: frou Vey tn tay and on Mie, Somna it, 
jected niseen where leo more coumonly forsterite oceurs, | Obeerved in the eaniding 


gan alt rg 
ni of get of 
ise fogok. neth 

0 ae Sate 


ine 
‘i it his The yalateete, trom Yoo, plaan, 
agi wigan, ron The chr of Hing was peobbly tur Yop e hie tpae ett 


jae. — "The clear, fine green variclien are une sa a gem steno; usually called peril. 


[Tv na ration of the other roraber of the Ehzyclite Croup are ren nt able 


18 Tn 
ia 
08 a = 1, = 
MgSO. Orthorhomble. Ta mall equidimensional or tabular crystal. 
it se lH, = 8 cinadtah. Ce wl, pet 
lly pnt large. A , eed 
t rhs ois aks Gens oc an expt vrs 


amar An, Soin Vv Mina 
‘Norway! pore 
‘tay and i siete on he Kaleratuhy Baden. llote 
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sylmertone at Bolton, Worcester Co, Massichuetts, in mares which are often over an ich 


metre 
jected aie ee a ener epee oe 
Se Gent = a 


Ser nee art Mh iat "RS Sept 
ane ea Sosa a 


te, — FesSi(s. In crystats similar to those of 
C= Color 


iol Strom lt 


iui it ob pet fla at nods 
levolenie oeka on Fava, Azores In Fennce front Callan, Var Prom the Alcume 
Mts, Co. Down, Ireland. Manganfayalite occurs at Tenet Sweden, 
Ui Und ere ort pen orate, Pen maha ta tps 
Peak ron, Pars Coy Cera 17 UME Foved 8 Cheyenne Canyon, 
tas (ra aah ary cyte with at in to haf clita 

Hoses G40 Pa daracters clos nla to thea of fayalite. 
Fide iansmaerne re dps Sele 


ca tgpn Mi alg wig ia eet a i eae, 


oe Ae Phe a bate nett lah 
Hf lind Frakin, nar a, ‘bo in Veni Sete, 


ate 
Tepito fin ‘nt Adervielloy Hater: 
Sg trowel nyse 


ed 


Boead pete 
Larsen: —PizeSiO. Oriborhombie, eee ree seg tab 

‘ular || (010), Prismatic cleavs 

Hae hater" Opty = “Ax 


p> 
ite 


ie 
aioe PRS PysCam shot: Moni, Ia cn 
age Gm ee rece Opty = is 
‘eother sample 2 — 40"? “a's 1-700" f= 4705, y= F770, “Found dhe ame oscar: 
‘esce a Lrenite ut Franklin, Susser Cin, Now Jeévey, 


— 50.280, Onhorhimbic. Lamellar twinning shown, i thin sme 
vin Te fgtar ame Te> 6 Grarva” Co'oanAteopet a 
mr ry 7B = Ve, = 1 = 2 tl re whet 


Saar i ienevaten oaecate 
rae ees Poe Sm, hoa atts 
Pont gala rep ef emt se Pees enter alg. 

rc ia eee te aren 


tale Ss ‘Shows polyaynthetic twinning |) || (100), prominent. Color gray. 
. 4 iy large. 715, y= 1-790. Easily trane- 
Peet ag ee dere eas ee ey 
Cagis. Cece aX noone ‘contact ill, newr Larne, Co, Antrim, 
Hr Eas o 
Perea ea 


tet vr ha tp 
thetic twinning. o = 3160. Choe te iE 
Seer ey | df Blan acs 
ee seat ih pi 
Siege ees seca ienera Soomes, a es 


se Ra es Deere ry we 


clon in al ie, 
TaVermlun, Sweden, nto Ham moc at Kaper ae Pesta Etech 
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Phenacite Group. R:Si0,. Tri-thombohedral 


rr! ¢ 

Willemite Zni0, 64° 30° 0-675 
‘Troostite (Za,Mn);8i0. 

Phenacite iO 93° 24" o-86lt 


‘The Paesactre Gnour includes the above orthosilicates of zine (man- 
ganese) und beryllium, Both belong to the tri-rhombohedral class of the 
frigonal division of the hexagonal system, and have nearly the same rhombo- 
hedral angle, X-ray study of ite ‘and willemite shows more compli- 
cated atomic structure than with the minerals of tho chrysolite group. “There 
fare six molecules in the unit rhombohedral cell. | ‘The silicon and beryllium 
(or zine) ators are each surrounded by » tetrahedral group of oxygen atoms. 
‘Each oxygen atom is linked to one silicon and two beryllium (or zine) atoms 


which lie nearly at the points of an equilateral tri , e rare species. 
trimerite, Mn.Si0,BeSiO., which is peeudo-h (monoelinie) is per- 
haps toe regarded ws corinesting this group with the preceting lite 
rou 
‘Dioptase is probably related to the Phenscite Group with a similar struc- 
ture. Tt aleo shows close eryatallographie relations to the members of the 
Friedelite Group. i 
« 
Dioptase H,Cu8iO, Tri-rhombohedral HP 8 OBI 
Friedelite Group 

Friedelite 6Mn0.2Mn(OH,Cl); 6810; 31.0 

Rhombohedral 56°17" 05624 
Pyrosmalite _6(Fe,Mn)0.2(Fe,Mn)(OH,C!),. 6810, 310 

TRhombohedral 53°49’ 05308 
Schallerite 6Mn0.Mn, (OR (Ass:0,)). 68102 3H,0? 
Molybdophyllite 4(Mg,PU)0. 


(Mz, Pb) (OH); 48i0;,H.0 
Rhombohedral 0589 
Various types of formulas have been assigned to the minerals of the 
Friedelite Group but the exact relations still seem uncertain, ‘They show 
crystallographic und structural similarities. From the resulis of X-ray study 
on te it has been concluded that the formula should be written 
3(Mn,Fe)(OH,C);,(Mu,Fe)Sh0;. ‘This, however, could be written similar 
to the formula given above and would differ only’ in having 47,0 instead of 
3H,O. Four such molecules are present in the structural unit cell. Tt. has 
ibeon suggested that the species hementite, dixenite, racgovernite, hematolite, 
parsettensite and errite may also be related to this group. 

‘WILLEMITE, 

‘Tristhombohedsal. Axis ¢ = 06775; rx’ (10T1) A (1101) = 64°30"; ee? 
(0112) A (012) = 36°47’. 

‘Tn hexagonal prisms, sometimes long and slender, again short and stout; 
rarely showing subordinate fuces distributed wuccording to the phenacite 
type, Also missive and in diseminated rains; Abrous. 

Cleavage: c(0001) eay, Moresnet; difficult, New Jersey; a(1120) easy, 
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389-418, Luster vitreo-resinous, rather weak. Color white or greenish 
‘yellow, when purest; apple-green, ‘flesh-red, grayish white, yellowish brown; 
often dark brown when impure. Streak ‘Transparent to opaque. 


Some varieties fluoresce strongly in ultra-violet rays, in green, yellow, ete, 
‘Artificial ae Siuoresose only hin mall amounts of manganeso ere 
present. ically -+. Refractive indices vary content of mangs- 
nese; for pure zine silleate, w= 1-691, ¢= 1719, 


Figs 800-606, New Jeraey. «(0T12), wcaTT3), (97H), 


Comp. — Zino orthasilieste, ZnSO, or 2Z00.8i0; = Silica 270, zine 
oxide 73°0 = 100. Mangunese often replaces s considerable part of the zinc 
(in troostite), and iron is also present in small amount. 


oy Suey Cox New Mesioy al tin Sedalia niet. Bata, Chece 
PES ie'Sher diodnct, beaver Co, ary 
Netherlands 


‘Use. — An ore of sinc, 
PHENACITE. 


also prismatic, sometimes terminated by the rhombohedron 


glusina 45:55 = 100, 


Minsk. Forimsant, Col. Mt Antero, Col, Pid. 
Pye, ste, — Alone remaina unaltered with born fare with extreme slornen, lene 


oa ‘ oda afforis = white enamel; with moore, fi 
Feuer antl comes fees Dall Ne with cobalt chitin. 

“Obs. — Mort commonly fount in tes a8 x poeumatolytic mineral, asociated 
with micrcling dopa, and quarts: al is granite dren with Adar, ea, ° Geer (bn 
es ropa een eit nthe eral and elrynberyf eo’ oo the Takowait 

wer, eazt ¢f Ekaterinburg, in the Ural Mix, Russia, fryetala are somtimes 
weatly 4 inches across, and one weighed more than 1 pound. Aloo lp small thambobedral 
Ceyrials ose Misakin'the Limen Mis. In Switetriand at Keckingen, Valnis; at Pramont in 
the Vosges Mi elerark, 


onal errstale . 

‘States from Groenwood, New Haznpahire 

Sutebtdea Crud: anya pemnste esta st SI” Asters Chats Co Nene fore 
az . 2 % sa Ns 

‘pees deceiver alias U0 the ne 


‘Having boen mistaken for quartz. 


softies Oat sae th Uys. 


0 
‘Dioptase is a comparatively rare 
iponl ty hte eels eet 
S08 Suu nce Sih on les 
ffoalnt we ihc Rinsho 
Saat pein ste tye oe 
‘epi inl a er wee Fk 
Congo at Mindouli, Pimbi, on the river Djous, ete; alao 
‘alec & 


uthern 
init Ratan ei Bins Cr ane 
‘sa Oieet Se eae cae 
Same not coset a Chie tn tos Gael ate, 
opi Suet ha soppr dpa a Aeon 2 Cun, Crean Co, wi st Poe 
Srp abdalts = Hefei}. (ep. 601), Cosa company tabular 0001; 
slay taeve, dears ito (O00) teletype He ee GeO Cole 


Hautes Pyrencen in Ve Sein the Harem Per, nar fe 
te. 


fat the 8}0 miner near ‘a from 
beeen HE GRAS Fea) ga ep), “Cea WS Hea 


‘prisms or tabular; alo massive, 


Paneer ‘ome 
irae by HCl with nearston of ation." Ponble with ines, Color 
Fe atin (oe tend menace pea bell 
"Ere, itzerl fer in the amount of water 
teeurHng anecinted with parsctons, and probably identen! i'l bas beara 
one 


‘Temmmxrra. | 2Cs0.AL0,SnO.48i0,2 Good, idal cleavage. | Columnne atruo: 
ture. "Color yellow to orange-red. ~. Went a= Pons, B= 170L, 7 — 
rt ‘in Veins with quarts in the manganese deposits at ‘Tinken, 


Boe 
Np. trae pt eg 

sam eta QP. ogee 

et i a 


Scapolite Group, ‘Tetragonal-tripyramidal 


Meionite c= 04393 Mizzonite, Dipyre ¢ = 0-444 
Wemerite c= 04384 — Marialite o= 04417 


The 
with a gradual variation in sition, the amount of silica increasing with 
the ierease of the alkali, sods, being 40 per cent ta mtionige and Bae et 
in marialite. A corresponding increase is obeerved also in the amount of 
chlorine, et ‘Furthermore there is also a gradual change in specific 
gravity, in the value of , and in resistance to acids, from the easily deccm, 
posed meionite, with G, — 2-72, to marialite, which is only slightly attacked 

= 463, ‘Tho variation in composition may be explained by the 
isomorphous mixtures of various molecules, the two most important being: 


Meionite CaCO, 3CAALSLO, M 
Marialite ‘NaCl 3NaAlsiOy Ma 


Other molecules, which ore present nt times in important amounts, have 
boon assumed to be a8 follows: NacCOs3NeAISiOs, NuHCO,3NaAlsi0., 


equals joelaae feldspar 
(albite, anorthite, snd probably carnegieite) plus one molecule of salt 
Vie canliee sates Be ee Iuas also been sug- 
eta that fp the eae of the molecules containing the sodium muphate or 
carbonate radicals, these are present in one-half the amount given above, 
namely as {NogCO,3NaAISi.O, and $Na:SO, 3NaAISi,0,, 
Marabes ot Yate ma tate Maes a aca ie 
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significance of whi is often in doubt. | Winghell has proposed the following 
two 


classification based upon the relative of 3, Me 
slain pon 6 proportions 
Marialite to include MauwMeo to MauMe 
Dipyre 4 Map Mes to MaseMes 
Mizzonite Mai Mew to MassMew 
Meionite “Mass Mew to May Meio 


Mac: the same eacsifontion fs used hare, rept that di is ured ss 5, 
synonym for mlzsonite and the central portion of te series which ts the met. 
comunon in occurrence is given the name wernerite. 

‘The tetragonal species melilite and geblenite sre near the Scspolites in. 
angle, ‘The more common vesuvinnite ts also related. 


‘MEIONITE. 


Tetragonal. Axis ¢ = 0-439, In prismatic crystals (Fig. 219, p. 102), 
either clear and glassy or milky white; also in crystalline ae and massive. 
Cleavage: a(100) rather perfect, m(110) somewhat less so. Fracture con- 
choidal. Brittle. H, = 55-8. G.=2-70-274, Luster vitreous. Color 
lessto white. ‘Transparent to translucent; often cracked within. Optically—. 
or = 158-160, e = 155-156, 

Comp, — CaCO, SCuALSIOs, 

{the marialie malecule, NaCLANGALSLO, my ocrur In varying amounts up to 20 per 
a = Over nal erystals ih envi niall} limestone bk on Mt 
sooo ern a inset al Be el 

an an mm frm hi 
‘rca fs hal lonvage tas bn tala puoi 

WERNERITE. Coumos ScAtousre 

‘Tetragonal-tripyramidal. Axia ¢ = 0-4384. 

Crystals prismatic, usually coarse, with uneven faces and often large. ‘The 
symmetry of the pyramidal class sometimes shown in the development of the 
faces 2(311) and 2:(131), Also massive, gran- ‘903 
ular, oe wi ‘ufuint fibrous appearance; ‘eome- 

‘times columnar. | (keys 


om 
oh MASH =e —e ry 
ab Ait = 1g 1 
Cleavage: @(100) and m(110) rather dis- li i 
tinct, but interrupted. _ Fracture subconchoi Ss 
dal. Brittle, H. = 5-6, G. = 266-273, bs 


| 
I 
Luster vitreous Lo pearly externally, Inelin- <a 
ince vitenons, "Color whlve, pug, hich, ercit, id rec, aly 
surface vitreous. Color white, gray, bluish, greenish, and reddish, usual 
light; streak uncolored. ‘Transparent tofaintlyaubtranslucent. Optically —. 
en Or ccaedlate between ealonita wd iiaalih tnd ostreepond= 
1, — Intermediate betwen mefonite an ite 
ing to # molecular combizaition of these in ratios from MewMiyy to Meg Liga 
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‘The silica. varie from 46 to 54 per cent, and a its amount increases the soda 


g 
i 
a 
i 


ra ete. — BB, fi with intumeseence to a white blebby glass giving « strong 
athe yg Fy eg 
massive, ‘© characteristic fibrous appearance on the cleavage surinee; 
Sees hana ona tae ‘specie gravity? aloo distinguished Wy haul 


Se eae 
or, 7 lo ction, nk of 


5 


olor east of : 

“in the United State the tore important Joalitien age wa fllows; In Masoschusetty st 
Worcester Co Ins, th New Vork, na in Orange Coe heat 
Monroe at Two Ponds, similis yy nd eareheer ieee oe 


sponding toa molactlas combination from Milas ty So 
fm PGETot.” Mision coeur In clear crysale in ested tsi on 
vide 


pyre oceur in elongnted aquare 

tungsten ti hie 

Somes so ig ee 
aCL8Ne 


Hataite: Theoretical ALi, mop. 604. 
‘Basal nea cope to Mnahtog oct fa 


oe eante Raptor ean a 
ere ey is te ene arc ae 

4 O15. Somatines abnormally biaxial with higher ‘Indios Prom Mie. Somma, 
sie 


‘MELILITE. 
‘Tetragonal. Axis c= 04548. Usually in sh prima 
x ctagtal prema (0, (110), als te tattgr as Ps 2C1OO) 
Cleavage: c(001) ‘distinct; a(100) indistinct. Fracture conchoidal to 
uneven Britis “Ho = 5. 6,“ 20-gi0 Laster vitreous, inclining to 


Histinot in yellow varieties. nl asco 
harater vary with composition, Unsall = ta for rman 
te end of series. component molecules; te, 
2 = 107, = 106; akermanita, o = 1°63, ¢= 184. 
Reomorph at ef gente, Gu 

‘varying isom jee, that of gehleni 

begets of aioe, ii in aditfon tho flo Scene 
Inolecules have. been by various writers to be present in minor 
mounts; sodi-melilite, NasSiOr; sub-melilite, CaSii0;; talelnAkermacite, 


CasSicOr; irom-akermanite, Cayl8i,0;; iron-gehlenite, CraleSi0r. 
wn itz Mette a ten Jor atl by rita constituent oxides, 


irate uerisc teat seme eens 


poration. 
in thin in moderate reffaction; ‘very low interfer 
eccoselory showing fv the uli ise apo dt Hove; praia etnctions woes 


tora tite a's compost of oral reent basic eruptive roeks formal 
= * recent besio eruptive rom 
er decent ali nonin cca ive ae 


ny Jee 
{ook allel alniie Conon tn furnace "ht Portland cemani 
te gaa ta izorei ok at oe 
yr with nepali, augte, horblend andl ello eye Gomer) 
"Co., Texas} ete. Occurs as chief coustitus 
fora. Common in furnace lags Meilite 


in limestone, neually 

tino iaiy; at Mon, Val di Fema also 
ing grin of voeuvinio nt Oravien, M- 

Sateen erent ‘diorite, 


Sorencagaie Tnomorphous with iehlenite in meliite, 


which ve Feuod oly 


Slardyatnite.~CaszaScO> A member of the Meliite Group 
shun asap iat fio tad oh es ea 
eT eee aE Li” From Packie, Some Cay New fase). 


Steele cateanre os cats 
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VESUVIANITE, Wocrsse. 
‘Tetragonil, Axis¢ = 05372. 
ra = 2° mA 
Seat A Ut = Be ih, tr anA 
ait oo1 A dat = 06° Is 
Often in crystals, prismatic or pyramidal. Also massive; columnar, 
straight and divergent, or irregular; granular massive; eryptocrystalline, 
‘The atomic structure shows a similarity to thut of garnet, 


ies (1 


Se 
rn 5 it ss 
CBN Ting 
| 
« bye 
Y/ 
Ale ‘Sanford, Me 


Cleavage: m(110) not very distinet; a(100) and c(001) still less so, 
Fracture subconchoidal to. uneven, Brittle. H.= 65. G. = 335-345, 
Luster vitreous; often inelining to resinous. Color brown to green, and tl 
latter frequently bright and clear; occasionally sulphtr-yellow, and’also pale 
blue. Streak white. Subtransparent to faintly subteanslueent.  Dichrewm, 
not usually strong. Optically —; also + rarely.  Birefringenice very low, 
‘Sometimes abnormally binul. Indices variable, from 1-701 to 1-736. 
Comp. — A basic ealcum-aluminiin ailieate, but of uncertain formula; 
perhaps Ca AI(OH,F)/AL(SiO4)s. Ferrie iron replaces part of the aluminum, 
and magnesium the ealciim, Fluorine, titanium, and boron maybe preseat, 


The ‘has been made that tetragonal variation of the garnet typ of molecule 
fn feat ae 
Jersey, shows & totible amount 
‘iam the following formula: 2RO.6CA0.ABe0.ALO, 8810, The 
following forms hn len derived from the remix of Xoray ntudy of aliietares Cath, 
Gt Fe(OH 80, There aro four mich molaculee In the vet eal, 
Ste, — BLM fuses at 3 with intumensence to a greeniah oe brownish glam: With 
Bm rasity: pest nance fares aa a Parity ected 
shi radet: rors eon for come ea tate 
by iyuroeblriacd, and eanuplotly hun the auieral has ben peevioelo steed 
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isl —Charactriza y ita tetragonal form and cary fusbity, Resembies some 
an 


‘ico: Recognize in thin svtions by te high refraction a very 
sail a tal io Recincgsce'” a afters ty i con ease, sal 
ater rae, anes Tie raceme eames 
use ar peat 
Loe 

‘Obs. Venivianite was first found aroog the ancient ejections of Venvius and the 
dolomitic blocks of Mte. Somma, whence ite name. It commonly occurs as = contact 
penta ore pon le 
Sue a cee eta ze 
pax eas ee ore ag ae 
aie eer aoe ee 
igh reece mere es ene 
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fran 

‘ror Quel lang brownish yell ergata occur at Cakunat Falls Titcfeld, Poatine Co 
ee eur child, Pontine Co: 

{equ ara Carat Terpetin roi rel trys dnt Wake erent igh 

ler, tivo ine Sod ate erat o = bight pn ear em ack Ea 


tls Co. (manganesenariaitey, 
oe aoe cay Opty Se = ati ea 
Pleavagen, (100) and. (W). Coloe gray. iy me 107, om ie 
316, {In limestone st Sidi bou Otmane, Morocco. Originally Uescribed aa dipyre. 
Pasay tiara widr verarianite 5 = 
Zircon Group. BSiO,. ‘Tetragonal 
Zircon DrSi0, ce = 6404 
Thorite ‘ThSiO, e = 06402 


‘This group includes the orthosilieates of sirconium and thorium, both 
alike in tetragonal erystallization, axial ratio, crystalline habit, and storie 
structure, 


“These species ace closely related to the members of the Rutile Group both we to errata 
naan al clos traeline Bs arth on p “ab 


“ Freuealy ioral, which ke vote, melita ost, ar doubly refer: 


‘but of extremely low birefringence and pos ‘are postive for one calor 
ie fora), a te a ce beter creed il oes 
bin, af times an intense Hern bias, which i quite distinet fromthe atte Dus ofthe cola 
‘scale and is known as the “ ultra blue.” 
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ZIRCOR. 


‘Tetragonal, Axia ¢ = 0-64037. 
ei, OE AOU = ra 

pes LA Tu 2 

fMRI By 


‘Twins: ty (101), geniculuted twins like rutile (Fig. 438, p. 188), 
Glentonly to what prad mtoanions pencil ie eee 


and 

wage: m(I30) mpertet,p( 11) fs distinc. | Fracture cone 
Brittle. 468-470 most common, but varying widely frot 
Foto bas,” Tame adamastine Cotrtey ale yellowish ‘yellowish 


roan, beowiah yaw, reldah brown. Stak el eae to 
‘subtranslucent and opaque. Optically Fivgstor @ = 1923- 
1-900, = 1-08-2015. Sometimes abnormally biaxial. 


“Hyacinth i the orange, rei usd brownish nd ed for gems. 

a shee 0 ts i coy cnn a alles tothe fot that 
‘hile resembling th disfond in hater hey tre comparatively worthees,theace cae tan 
ame zircon. poorer erty ‘s opecial heat treatment 
Hebe he aon expo nw Mente rion of abate ea 
potas feroey aie. astern! have been sl! serie 


Comp. — SiO or Zr0-Si0; = Silica 328, sirconin 67:2 = 100. A 
ttle iron (FeO,) ls usually present. 
ihe este Prov, ‘per cent. The earths occur in the 


ve Proves Japs, ama ew varity containing 


mune pyeurd or aquare pens; allo by te 
xi ofl ani te aod Sspally 
ions by it very high reli: very high interference 


ihe onfer except in very Hid ecliouy positive 
rich pone ite eo conte tnd ute oaly bya iack of colar, 
caren 
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yo fn oe 
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wahSieehe Seti beats arr vpn 
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dividuals’ Occurs more rarely elaewherm, aa in gran Vinestooe, 
libiae guess; somellines in itouore beds” Crysis are common i 
Show murfeous sand Shetimes found fa voeable Fooks, probably impart as inlistonn 


of the Urale. Occurs ag 
feland. Ea Tealy it is found 
ye 


SS rer pact ol Exel Puy, HauteLoire, In Norway at Areadal tn Aust 
the altered variety, 5 Te 


‘Sweden the altered. sircon eprtolie ts found at 
in the alluvial sanda In Ceylon. Of common oc- 


Ip the United. ‘sit ooeurs mt Kennebec Co., Maine; in Mamachusetta 
re i ate een coeur tal nee Coord eee, et 
yg Font snr Mean Orana Co, SS avr Sa clea tena 

Se Tos Pesta eee ; ro 
oN Aree Bag ae 


he pol mc of 


‘eeewllete, In Colorado nt various pointa iz the Pike's 
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figs bata Boos told ses tat tarapitie oes seclintts they opp 
Bjsious bs eulphoseicntes of thorigm with nor atounts of urea rt sed ead 
7 5 4 


5 
ae 
=e 


-Auerlite, — ike airoon in form; auyponed to be» twophate of thorium, #1. = 


Danburite-Topas Group. Onthorhombie, RR,(Si0)s or (RO)RSIO, 
CaB,(Si00; a:b se = 0544 :1 04807 
Topaz (AF OiAIso, O 2b ie = O8285 21: 04770 
Andalusite —_(AIO)AISiO, Warde = 05070: 1204719 


or a bie = 09861 21: 07025 
Sillimanite ALSiOs Orthorhombie a: 56 = 09701: 070 
Kyanite AUSIOy ‘Trielinie 

a:b sc = 08004: 1: 0-700; a = 90" 5)’, 0 = 101° 2", y = 105° 444’, 


Andalusite, Sillimanite, and Kynnite constitute trimorphous forms of 
ALSIO,.. ‘The’ X-ray atudy of these minerals shows certain close relations 
in thoir atomic structures. ‘The unit cells of all three have nearly the same 
dimensions, which agree in relative values with the axial ratios given above, 
Parallel to the vertical axes there ure chnins of aluminum atoms lying in the 
‘centers of groups of six oxygen atoms, each group sharing two oxygen atoms 
with each of the groups above and below. ‘These aluminum-oxygen chains 
have therefore the composition of Al. “The positions of these chains aro 
practically identical in sndalusite and aillimanite and nearly the sume in the 
se of kyanite. These vertical chaing are linked together by the remaini 
‘Al, Si, and O atoms, and the variations in the structure of the three mineral 
aré due to the different ways in which this linking takes place. In all eases 
tthe silicon lies between four ‘atoms, giving in the structure independent 
SiO, groups. The remaining aluminum 4{omn is supposed to.lio between six 
oxygen atoms in kyanite, between five in andalusite, and four in aillmanite. 


DANBURITE. 
Orthorhombie. Axes a:b :¢ = 05444 : 1 : 4807. 
oir tum", 110A 110 = S7*8!. dl, 108A Tor = a2" 5a, 


"130A 120 = tow, O41 A OL = 125" 3 


\e ‘Habit prismatic, resembling topaz, Also in indistinct 

‘embedded crystals, and disseminated masses.” X-ray study 

of the atomnie structure shows that ench eell comaine fou 

molecules and that the axial ratio derived from the cell 

[| = |¢] dimensions should be, 1209154 : 08822, o TDI - 

04963, Each silcon ntom is at the center of a group of 

four oxygen atoms; two stich groups haying one atom of 

oxygen in common; the unit of structure is therefore 

ids can sain sae reach of Uree SUN prec et thst 

soup with one oxygen ntorn from ‘groupe, and in the center 
SC euch groupe be tno boron alors. si 
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Cheavage:_ e001) very indisting, Fracture uneven to eubooncholdal. 
Brittle, H. = 7-725, G, = 297-302 Color pale wine-yellow to’ color 
less, yellowish white, dark wine-yellow, yellowish browa, Luster vitreous to 
greasy, on crystal surfaces i, ‘Transparent to translucent. Streak 
‘white.’ Strong dispersion, being optically — for red, yellow, and green light 
but + for blue light. Ax. pl. || (001); X = baxis, '2V = 88° to 0”. a= 
1630. f= 1-633. -y = 1636. 

‘Comp. — CaBy(SiO,)s oF Ca0.B,0,.28i0, = Silica 488, boron trioxide 
28-4, lime 228 = 100. 


ry Ot, — BB. fuser at $5 to a colorlest glass, and impasta & green color to the O.F. 
Py green, 


wordt “Roa thie sols metry sk or the 
legs dears ci armenia ptt econ 
EH 3 a tao, a ea 

OE ure Dana Pa Coe Comper with mgr and alia 
dolomite, At Russell, St. Lawrence Co., New York, in fing ct ‘the Pir Valatachs, 
the northern spur of ft. Seopi, east of Lakmanier in Val Medels, xi, Switserland, fo nben~ 
FS od sbi atc near Obi Duns J 
In Madagnocar at Mubiaritra on MU Bity; wt Inlo noar Mania, south of : 

rato Ani 


find in lange crystal at Sanson, 

Heoaoctees” Ths doubt species curring with buocorundum in vbo Ural Mia, bs 
by OeaTERt cael with darkourie; sompesiin Cancty ke noch 
‘TOPAZ. 

Orthorhombie. Axes a :8 :¢ = 052854 


om’, 110 A 210 = 555 43". yy/ O41 A Ot = 124 
120 Sh’ Ooh A 2a = ar 


fof] tf felt oe | 
| 
fo j 
‘Brasil Japan ‘Durango Und 
Crystals commonly prismatic, m(110) jominating; of (120) and the 
form then a nearly See plentees stants Fase toe pee 


matic zone often vertically striated, and often showing vicinal planes. Also 
firm columnar; graular, coarse or fine, X-ray study of the atomic structure 
reveals the following facts: tho SiO, groups are in¢ lent of each other; 
{he aluminum atoms are linked to four oxygen atoms and two (F,OH) groups; 
each oxygen atom is linked to one silicon and two aluminum atoms; 
(F,0H) groups lie between two aluminum atoms; there are four molecules in 
thé unit cell, the dimensions of which are relatively 444, 878, and 8°38. 
Cleavage: (001) highly, perfect, Fracture subconchojdal to uneven. 
Brittle. H.=8 G.=3486, Luster vitreous. Color strav-yollow, 
‘wine-yellow, white, grayish, greenish, bluish, reddish, Streak uncolored. 
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angles variable. 
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‘Transparent to subtranslucent, Oj 
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iven on 
4, fluorine 20-7 = 1¢ 


Comp. — 
Japan ne 
mer requires Silica 32°6, nlumina 55° 


ae Gt. the for 
7, deduct (0 = 


SiO, or as gi 


87 = 100. 


Hi is pu i 


sraite Cait, 


‘bimulphat 
mineral 
ty of topaz from 
oF BT 08" 
to be the result of, 


silica and aluminum 


meee 


= 

= 
as 
ae 

ae 


also in the 


‘artifical 
fur Ia 
‘in the highly acid 
caries, where it appens 
mga 
Tn these oceurrences often 
‘occurs int tin-bearing’pegmatiter. Topas’ al 


lsntion ofthe: 
‘a result of such action. 


tourmaline. 


= 


and 


‘cat 


RU 


Hee i 


ue 


Orthorhombic, Axes a 


min’, 110. 170 = 80° 12%, 
mY, "OL AOL = 70" 10% 


om 5 
<—a== 
‘Usually in coarse prismatic forms, the ~ 
prisms nessly equare in form. Bf 
imperfectly columnar; sometimes radiat 
and granular, For ‘a discussion of the 
stom structures. O12 fe. 
Cleavage: (110) distinct, sometimes 
perfec (Brazil); a(10) les pefet; (010) 
Fracture uneven, subeancho 


Balle HT. G.— 316-920, Loe 

ver viteoan aen week: Color hits, rosered, fected, violet, peal- 
own, ol an Transparent to Opaque, 

Sually a aeiutaien Snicion ot 


in some colored varieties, Ab- 
sorption strong, X > Y > Z. Sections normal to 
an opie axa are ‘diophanious or show the polarisa 
distinctly (p. 317), Optically —. Ax. 
anon Bed 1 QV = 85. a= 16H 
639.7 = 1643. Mangunandalusite or vin 

dine (considered by pom authors to be a distinct 
species) ia optically +; X =aaxis a = 1-06, 6 = 
87, 7 = 169. Dark green color und pleochroic 


vyellow to green. 
Chinsttte, or Mace ia n variety in stout cryntale 
bavi eis Egil clr fen the ren 


Baie a et ines ec pce 
ney de re hag scr 

Lae = 
Poona se eae 


= (AIO)AISIO, or AlLO,8i0, = Siliea $68, nlumina 
{is sometimes present, as in manganandalueite or 


BIFGEBIBO 


ceauchPaatste when ete 1400 C, change to » mitur of mult, $AWO1 2510, an 


ete — BB. tifunble. With cobelt solution gives a blue color nfter ignition. Not 
places ‘Become ot no wh con akin lain stn 
reaction for ohimioa BB. ae . 
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Micro.— Distinguisot in thin eactions by te hah rail, low intertereneecolar, 
which are sip sgh aoe ae Sina aa facial character; negative exten 


Feeding gee ee geet aa 
fram tytosanen, which have eels 
Tia characteris serangtvent of impurities wien these are present (Fig 027), The 
‘ashi wh i aking, woe, rey rg Ad saute 

iste mont corto aa acon o argilaceoue 
schist, ey Sonoction with granitic intrusions. 1 also occur In gm, ten 


iin consection 
a read ra attr wit eimai sd train wih alt 
a se uma“ et intrest ek it 


‘Waldstowen, Bavaria. In France and tee peeve tas 
‘emarkable 


‘the 
Bia oo Se ee as 


‘Use. — ‘and transparent may servo aaa gem stone. Aleo used in the mani- 
Siete ae pce a page Lc 


SILLIMANITE, Fibeolite. 
Ortherhombie, _Azeea 


wing Baty (010) very perfect. Fracture uneven, H. = 6-7, Q. = 
824-324. Luster vitreous, approaching subadamuntine. Color haif-brown, 
grayish brown, grayish white, grayish green, pale olive-green, Streak un= 


colored rie to Saalicent, Fpehrima emetines, dain 
tically +. uble refraction. str pl x, 1 al 5 
Dupersin 2 > 0c: Asia! tad itlocs vasshia a> a Gia, 


oa Tose 1680, 8 = T4216, = 1081880, 
i fone. ALSIO, = (AIO)AISIO, like andalusite, Silien 36:8, alumina 
= 100, 


Sillimanite fe the most stable of the three aluminum sileates. But when heated 0 
tenperatres above 1000 C changes to 8 wate af ls sand allies. 


—Gharetersed by ie brow or colunoae (orm; perfect cleavage; nfuaity; 
inengie coun ee ie é 


Suir, — In thin sections, reece by ite form, unly with trae fracture: 
Interferenee-colors. 


parallel exttcton; high 
‘Artif, — Sillimanite has been made artificially by funit its oxides together. 
Oba — aoe yur of scare 


SILICATES: O17 


and near Peat Khia! Bills, Assi, Today at varus 
pointe In Rint atad ec Steg tr Upper ena sein Ceylon ly 
‘rk le apne i. 

ia the Usked tater ellnicite occu tn Connecticut at the fala of the Vani, siear 
arity New Haan Go.) iia, Winn at Cheer oat aye, 


ERS fier Seema ae 
ge ee 


oer eer om the fibrous massive Variety; sillinanile, after Prof. Benjannin 
sige Se Har 8a oi he tee 
git ee See Bees Sy a, SE 
4 * fool ‘Alitial melte‘and in porcelains. Also" 


KYANITE. Cynnite. Disthoue, 


Triclinie, Axes a sb: ¢ = 0-8904 ; 1 =0-7000; a = 90° 63', 8 = 101° 2, 
> = 105" 449". ac, 100 A O01 = 78°30"; be, O10 A OOL = 86°45", 

Usually in long bladed crystals, rarely terminated, Also coursely bladed 
columnar to suk Sce p, 612 for discussion of atomic structure. See 
further under stuurolite, p. 638, for structural relations 
to that miners]. 

Cleavage: (100) very perfect; (010) less perfect; 
also parting || (001). H, = 5-7'25; the least, 4-5, on 
(100) I ails; 6-7 on o(400) eden a(100)/ (00 
‘on (010). G, = 356-387. Luster vitreous to pearly. 
Color blue, blue along the center of the blades 
oor erystals with white mangins; also gray, green, black. 
Streak uncolored. Transhicent to transparent,” Pleo- 
chroism distinet in colored varieties. Optically —. Ax. 
year a(t) ‘nod inclined to edge 4/6 on a about 

D Se Ol) ct, ig O28. K nearly L (100). 2V-= 82, 
a= 1717. ae y= 179. 
‘Comp. — ALSOr ot ANG, Sid like anvdaluste nut siimanite 


Pees een eee stare of lite, AYO 25I0, id allen 
ete ampe wa for anda re acta 
i Gharaetviol bythe nde form; common hive cole; varying ardnes; fae 
"ee er la 


‘Obs: “Occurs priceipally in gueian snd raica echint (both the ondinary variety with 
‘oe oes cago) often ii alee 
finale or sora 

fda nae portant locate fo jt onurene flow. Prom pour Hater 
tunes Ural Mtge Tiwaat Peau, south gf eo Balt’ of Canchosovakiay fa 
‘Carinthia of Ausisia on the Sun-Alps: Jo Tora ten andl on ME, Greiner i the 
‘Allertal and in Trentino, tay, tn iis 's white variety), tn Tin 
‘Switterland in. aoa Forno, Mte. C 


Tarpehure Con, Mnsarhtidtat 
hold Co, at Canton, Hartford 
af esa ene 
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Datotite Group. Monoclinic 
Basic Orthosilicates. HRSiO.or Heba(Si0:)s. Oxygen ratiofor R : Si=3 :2 
R = Ga,Be,Fe, chiefly; = Boron, the ys (and eainm) metals, et, 
re 


. 
Datolite 00345 : 1: 12657 89° 51/ 
HCaBSi0, or Ca(BOH)8i0, 
Homilite = 12824 89° 21" 
CasPeB,Si0 oF CacFe(BO),(8i0)s 5 
Euclase 13330 79° 44" 
HBeAISiO, or Be(AIOH)Si0, a 
imi 06273; 1: 13215 80° 264 
BesPe¥iSis0y oF BeFe(¥O)(810.). 

‘The species of the Daroure Grove are usually regarded as basic ortho- 
‘ailicates, the formulae being taken in the second form given above. all 
crystallize in the monoclinic system, and all but euel conform ct in 
axial ratio; X-ray study, however, shows close structural relationship between 
datolite und evelase, 

DATOUTE. 

‘Monoolinic, Axes d: 0-6345 : 1: 1/2057; @ = 89°513%, 

mei A dae = Set or to 
RRMBI ES.  S.GMecee, 
Bee Ot A ati = 1082 SIME AH 2 lt 


with elther (110) oF 
; also of other types, 


e. 
‘not observed. Fracture conehoidsl to uneven. 

heeeh Gm 2e00: Loser viceou, ranly wibaions a ees 
of fracture. Color white; sometimes grayish, pale green, yellow, red, OF 


SILICATES, 


amethystine, rarely dirty olive-green 
Sarat ta Coomneat: 


lucent; ‘rarely 


and Z nearly || caxis.” 2V = 74. a = 102 


Fegion. 


ly with » 
itiev eg 110 A 110 = 


th 
er Brees toe ake 
ving botryoil sage gd containing 


of yatied abit, una 
‘ary but 


‘i los asua 
Taare. Compe noe 
Moya. Relate strane ty 


ie 


1. Ordinary. Tn 
erat 


Ver.—1 
cg 
sng oe 

{Bore water tad the crystals, but optically idgatieal 


while 
3 


5 


ly 


em} 


caleium; 
iay be written Ca(BO! 


‘Silica 37-6, boron trioxide 21°8, lime 35°, water 5:6 = 100, 


—A_ basic orthosilicate of ‘boron and 


HCaBSIOs or H,0.2CA0.B,0).28i0;; 


i 
i 


or 
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a Raitt Tl tod in Carat a the Grom 
ark. In Austrin on Yeap cba 3 pontine ih a 
Spey Saleen Hasecial ‘From Minas Gerses, Brasil, sees 

Gadotinine, — BoFs¥.Si0 oF BoFe(YO)SO ls May contain 

Recor Wess ex we anaSlauoeatia Gay weoheat by the 
Sees See eee er ee 
ear lee Glevaee wi, joey eee re 


ease 
Pe po egg ee 


Fleessant, 


Bi Kd 


erent cee Hie Zeer mata eNO, Mawnan, “Habu 
5 Lae ft, = 70, 7 = gon Aw pe 
ei weaste jepmalits i ivaaod pat Bhioniatee NOE: ‘ajo eee 
Ho thprtaniie bap taal ts intend to ylation ae eS Hgh ocoeeo a eae 
From Henares 


a ene et eo orga a 
Sy a [ic eel 
G_= 48 ee aN From Llano Co,, Texas. 


igo term “Cio pls lah Bu” Tote 
ase Si Tine 1-2 An, aeration praia of tacks 
Tend irs tanta bring paste nt Wad Wesker uaccuar® | =Stl 


Epidote Group, Orthorhombie and Monoolinie 


Basie Orthosilieates, HL Hsi0y or Re RorNiiysi0g, 
R= Cayite; = AL,Fe,iin,Ce, eto, 


@. Orthothombic Section 


b: 
Zoisite Cte(ALOH)AL(SiO0s 00100 120 


‘SILICATES 621 
. Monoclinic Section 


B 

Clinozoisite Cas AOR ALOR. 64° 30' 
wmCae(AIOH) AL (SIO.)s a7" 

rea MA ees 
Finan (CaipaytaloHb aces 64° 50! 


‘The Evore Gnovr includes: the above complex orthosilicates. ‘The 
monoolni specie agree closely in form, To them the orthorhombic species 
qoisite is also related in angle, ita prismatic zone corresponding to the mono- 
elinie orthodomes, ete, ‘Thus we hav 


Zoiite. mm", 10 A 110 = 63° 34': — Epidote er, O01 A TOL = ist 42 
tiv, Oat A (at = 08* 4". ‘fain’, 110A 110 = 70" 


X-ray studies of zaisite and epidote show close relationships between their 
atomic structures. The elementary cell of zoisite contains four molecules 
‘Whereas that of epidote contains but two, ‘The respective cells have two 
dimensions practically identical while the third dimension in zoisite is twice 
the corresponding dimension in epidote. ‘This leads to s erystal orientation 
of zoisite in which axis } (ss given above) becomes a, ¢ becomes b, anil a 
becomes; so that the axial ratio equals 1 : 03420 : 0-6196 or 2.916 : 1: 1'S0)1. 
‘This last expression is practically thst of epidote except that the value for @ 
has been doubled. 


ZOISITE. 
Orthorhombic. Axesa 034295, 


mm’, 110 A $TO = G3" 4. ou A of = 37 
dd’, "TOL A TOV = 87" 56". Sh MEA Sa 


Crystala prismatic, deeply strinted of furrowed vertically, and seldom 
distinatly (erminated. Also massive; columnar to compact. 

‘Cleavage: b(010) very perfect, Fracture uneven to subeonehoidal. 
Brittle. Ho = 6-85. G. = 3:25-3:37, Luster vitreous; on the cleavage 
fuce, 6(010), pearly. Color grayish white, gray, yellowish brown, greenish 

iY, apple-greon; also peack-blossom-red to rose-red. Streak uncolored. 

t to subtranshucent, 

Pleochroism strong in pink varieties. Optically +. Ax. pl, usually | 
(010) in iron-free xoisite; also || (001), with about 5 per cent FexOs, Bx, 1 
(100). Dispersion strong, p< (iron-free); lio p> v (with 5 por cent 
FeO), Axial angle variable even in the same erystal, increasing in value 
swith increase in iron content. 2V varies widely from about 30° for varieties 
‘with little {ron to 0° and then increasing again to about 60° with ineresso in 
iron content. a= L700, 6 = 1°703, > = 1706. 

/,_ Colors gray to white and brown; also green. Ueually in tnaisinet 
‘io GUAR aai-a:a8L. Unione ek 
‘mineral material known 4h eousrurite 

Tina arisen from the alteration of fehlapar. 
Comp. —HCasALSiOn or 40x0-3AL0;.68(0.H,0 = Silien 307, alu- 
mina 837, lime 246, water 20 = 100. ‘The alumina is sometimes replaced 


¢ = 06196 
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by roo hus graduating in composition toward epidote, which has the same 


r etc. —B.B. swells and fusca at 3-3'S to a white blebby Not desomy 
wy ig ily ed ‘atnins with hymochlons sd. Giver of wate Wheat 
DEY “TUStcwaaioed hy the columnar atrstur; fabity ‘th (ntneaneon; 


weet icing in thin pction by in rte oy low tte 


‘i y 
at Buena (Serang) Ip Vali Sites, at mats, "Prom Hata 
Hlblegtige a Osten, Sz, ios ice : trom Soares, 


Telavibey, Trenijem, 
frog rerio Pd a 
‘Guang, Frain Coes From Pontalrant nt Cortada Ieee Ese 
osreb (unde ad Limi, Delaware Cy es From the copper nies at 


ss 
Ba ease ie arise tary eet ae 
eee ele ey ee Sa 
Callout, Meio. Fouguee i probably the bane ne ie from an anortluegcias 


mum’ 110 110 = 100" 38°, ad, 001 A 21 = 59" 25 
oe, OLA 100 = ott a7" , OLA OU = 53° oR 
OO A 1Or = 3 43" em, OO ATH = 75 
ee OLA Tor = ogra”, fan", 100A 13 = Oo" 
‘or, 100A 10F = 51" al, san”, TH A AMT = 20" 997 
‘Twins: tw. pl. a(100) common, often us embedded tw. Iamelle. Crystals 


usually. prismatic || the ortho-axis & and terminated at one extremity only; 
ing into acicular forms; the faces in the zane a(100)/e(001) deeply atriatect, 
Particles of various sizes, some 


X yellow. usually 

the variety of epidote common 

bbest in sections normal to an optic 
especially if 


tically —. Ax.pl. |/6(010). X A csxis = 0°-6°. Henoe Z 1 a(100) nearly, 

Dispersion inc strongly marked of the axes fenble, » > v Awal 

angle large. -@ = 1720. 6 = 1754. 7 = 1-768. Indices and birefringence 
937 


variable, rising in values with increase in iron 
content, bsihay 


Ver — 1. Color green of 
verlag nn ly 
1 Fits Grant 
sp fom the wl ne 

‘that of Bourg d’Qiaane, Isire, France ( 
isan), fm Yllowias rent crystal, 
1 Pathe tcludee cyte fo th me 
‘oun sans of kstecinburg, Ural Mix © Achmatie i or- 


‘epidote fram Ache ‘Ural Mta. A variety from Garda, Hoote Ialand, Terra: 
Sa Page eat erate aS aad by emai wh 
a tinge of, ‘and differe from ordinary’ in having the "hear 
SAFES Ta i ure tert ft rae ep a 

i wm ge pelle sta 1, tt oe 
Merger acca” Saas flat to psnere, bu cota Hla 
ees Soe : Te ee akin 


ul, Upper Haran ‘Deoy green olor and strung pleochrolam, emerald-green to bright 


Comp. — 11 ) 800 4CnO3(AL,Fe),0s68i0,, the ratic 
Fee emiy iam Gel Gai Tecan 


CaQ 28551, H.0 1:80 = 100. 
‘of tho pteuctre. 
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tion. BB. fusee with nti 


ecally magnet’ encla 
fortran sometan for ith the tame Parlay decomponed 
ieae al car cicaihicwy foo 


‘ryatalat 

‘Gbs. — Epidote is congnoaly formed hy the metamorphiem (both local igneous and of 
ae carey pute aaron eeptay ker ste 

ESning ruc pe Tt thaw afer Sorte price ps len 


‘origin, a8 in a granite from Maryland, ete, 
“Oily the rare important opcurrences of 
smatorak Hoar Kuesaak in seat sere Li 


fee From Pieltoonty Iti fn fe Heke 

fen From , 
‘alley. fr Swtiserland ire nr ot Se es foltherd, Ticino, and from Zeraiatt In 
wa Je bent erystalinsions from Hour d Osan es Franco. In Norway from 


an he ti 


Siu Sas samen ae 
“Calton. ta'enteeordinary erye- 

an Sp aston eh 
trated by his, 


Greek érlisov, 
a frm irhoriboldal pian} epic 


XA et to Teaco atl 

Cee 

Sure Maton als, Tecan 
aca 


ae Late gags Seen A 
tae Ballater, Ia 


Peo oman aa 
‘ieacockite.~ Belangs in, Epiiots Group containing 
bees Mn Ci ‘yal which i baa ey ‘amall ane Teta ahow 


abit an losely Go 40 Bownish rd. Optically 
SR GW a Tie Tai, yo ia NS Pees, Se 
‘Now Jersey. 


“Fae Orthite. 


Monoclinic, Axes, p.621, In angle near epidote. often tabue 
lar || a(100); also long and slendor to ueicular pristiatic i b 
eo RS Pop err poli " we Ee 
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Cleavage: (100) and ¢(001) in traces; also m(110) sometimes observed. 
Fracture uneven or subconchoidal. Brittle. H. = 55-6, G.= 304-2, 
Luster submetallie, pitehy or resinous. Ce'r brown to black. | Subtranslu- 
cent to opaque. Pleochroism strong: Z brownish yellow, ¥ reddish brown, 
X greenish brown, Optically — Ax. pl. usually |/ (010), sometimes || (100). 
XA cuxis = 32)° approx. 2V large Indices vary widely, 164-180. Bi- 


Fefringence variable,  Allanite is easily altered and then the mineral usually 
becomes isotropic with lower specific gravity and refmotive index. Very 
commonly allanite shows a heterogeneous mixture of analtered and altered 
material, Allunite embedded in biotite may produce  pleochroie halo in 
the latter mineral. 


! the gro cae pte eel soxtnng 
eer tmlon ‘Gut tne prults tte sale forma, ns 
Soi riba arb ankeydroas, or ax wary po ae toon alzite. “The anme from by, 


Comp.—Like epidote HEESIO, or HO4ROSR.O,6810, with ft 


= Ca and Fe, and R = ALFo, the cerium metals Cé, Di, La, and in smaller 
amounts those of the yttrium groap. Some varioties contain considerable 
water, but probably by alteration. 


cen Sem rail give much water in the chow te and all nda il» 
ovoait om sroug, on. mn enay od wll (= 24) ton dark, 
Poy ng ple Wik th Murs rents Cr en Mik nie etnias wth 
hydrochloric acid, but if previously ignited are not decompored by ac. 

‘Ope Allie mont charecertiely fond ae ah acer neal nth dep 
wea 8 rl pegsnatiten, Further in metarbor~ 
Sita rests lat eal cous Fock 


‘derive 
vend hae been 

bodies, mas inclownd ba 0 
In the Ural Mua, the variety’ 

ddntrict and wralorthite from Mink 

pereinge ieee 

larly at 

Arendal, Aust Ayer; 


large 
Ahi gadolinite locality to Liaho Co, Texas, 
inaxratere A seats and phoonhate of aluminum, rare carte, exam and (ot, 


Monoclinic Tn stull_printate cepa’ or "tabular 
Risiective. ‘Galt oak. Westnove fuser. "Ax-pi 
Ti Picacho y 
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AXINITE, 
‘Triclinic, Axes a:b: ¢ = 04021 : 1: 04707; a = 82° 54’, B = 91° 52", 
y= 131° 82’. (Other orientations are used by different authors.) 
mB ie 
fen," 100.0 201 = 21° 377, 
= 


Dauphiné 


65-7. 
G. = 3:27-8:20, Luster highly glassy, um-bh 
peari-gray} also honey-yellow, greenish yellow, Streak ‘unoolored, 


and 
bie are to subtranalucent. Pleochroisn strong. Mi —. Ax. 
and w imately 1 2(111), Axial angh nos V = 65° 

Tnaicen Wedables a 3 VOSA = 1-086 y = 188 f 
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Distinct individual erystals rare; urually tabular || c(001); sometimes 
prismatic, mm'”” (110) A (110) = 80° 4°; again acute pyramidal, Com 
Tnonly in groups of tabular erystals, united by ¢(001) making broken forms, 
often barrelshaped. Reniform, globular, and stalactitic with a erystalline 
Surface. Structure imperfectly’ columnar or lamellar, strongly coherent; 
flsc onmpnot granular r impalpable, 

Cleavage: c(001) distinct, Fracture uneven, Brittle. HL. = 6-655. 
G, = 280-295. Luster vitreous; on base weak penrly. Color light green, 
oli-green, pasting Into white and gray; often fading on . Sube 
traneparent to transluotnt, Streak uncolored. | Optically “pe AS. pl 
(O10), Z = caxin. 2V widely variable, a = 1-616, f= 1626, + = 1019. 
ently shows opt! anomaley, perhaps caused by submicroscopie 
t 

‘Comp. — An aclil orthosillcate, HyCasAb(Si0)s = Silien 437, alumina 
248, lime 27-1, water 4-4 = 100, Ferrie iron may replace the altimioum in 
‘small amounta! 


ite (a mometicen classed with the soll which it te often associated) the 
een ror tlt of wey tn veda aad hone play lifer 


(SSB teh the hel tae all wae, ue a 2h tuna 8 
bit eats as" Decomponed sively by hydrocbione eld wilhout gatinlsing; 
i sos doin ety with laine, . 

ih ate enn quart, nl chledny, in 


Met, 
Monte rocks. Stay be a conniiieat of metamorphosed live: 
moctnted with tative copper, om in the Lake Superioe 


in Autre in the Habchtal, Salsbur, In lal jn enti ot Ha near Stee 
sm (erg) aud Vall Faved de Als vale Pent Yn he Bary Mw ak 


ie, 

inthe ides af iclach inthe Kinslg-Tul, In Proce from Sent 

iia Tate Oncure In Secuand In the Rilpateek Hilla, Dunbarton, nnd 
Hour, I Oe the page Hi, Bunting the 


Tin the Unived States prehinite ocours jn ayenite nt Somerville, Middlowex Co,, Maamachis- 
setts fi Int Farmington, “ ‘tha 
Fim of Now Jermy, He Patera, Horge Hil, Great Nba ae In Kewocnaw Co. fhe 
fan rom ale Ral and rm he eopper Sept her i en osc in nie mae 
‘Named (1700) after Cal. Prehn, who brought the mineral from the Cape af Clood Hope, 
Harstigite, — An sokd orthcaléste of faloium, and beryllin, Ortborkon 
Hee a cari pte yn P= 5b, G. in Oe 
em a main TOT 2 ean 
od shadonite at te Tat ioe Pa 
‘Grothe, —~ A alleate of calm with fd stile jon of woertaln compo 
sition, Probably related to haregite i tabular eryotae. Tie = 
Sg. = 0m, aati Decne ty uta Aa arr 
Trane tar Nok nd Bam, Caan aaa 
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IV. Subsilicates. 


‘The species here included are basic salts, for the most part: to be referred 
tier to the etalon en ar orowente, be many ae somspoundslrady 
included in the preseding pages. Until their constitution is definitely settled, 
however, they are more asta iinet by themselves as Sunsiuicates, 
‘The only prominent group in this subdivision is the Huazrs Gnovr. 


Humite Group 


™ i 
TisSiO.Me(F OH), Orthothombie rr 


,2Me%0.Me(F.OH), — Monodinia 1-0863 = 1: 3447 90° 
3MgsSi0.Mg(F,OH), — Orthorhombic 10802 : 1 :4-4033 — 
4Mg:SiO.Mg(F,OH); — Monoelinie 1-0803 = 1: 56588. 90" 


‘The species here included form a remarkable series both as regards 
talline form and chemical composition. In crystallization they have seasihiy. 
the same ratio for the lateral axes, while 

in the ratio of the numbers 3:5 27: 


fhe members of this group by in dng the a and ls 
fe of this group by interchanging the a and caxee, This position 


‘Th roca of the group apposite cay la 
‘The axial ratios may be com; par aaed 


ern componed 
‘dential withthe chryolite structure. Botyeen thes inpert le tis apart corto 
(FOR) groupe. Tha diferent members ofthe group nary in hele Metis Ree 


*"Theorutical value sn derived by Penfold and Howe. 
{From moueured eryatala from ‘New Jemey, 
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tency la, which these (ROH) layers appenc. It i 10 be ween that if fn the forenla 
SiGROE Rolie nis ad, the news lw ororhomban whereas fi seven, thadtruc- 
Ein tecotae mcnoalie. 


NORBERGITE — CHONDRODITE — HUMITE — CLINOHUMITE. 


“Axial ratios as given above. Habit vuried, Figs. 941 to 949. ‘Twins 
common, the twinning planes inclined 66, ala 30°, to (001) in the brachy~ 
Some or clinodame zone, hence the axe crossing at angles near 60°; often 
repeated as trillings and as thetic lamellar (f, Fig, 638, p. 827). Aleo 
Erving with (00) 8 tm plane. “Two of the four specie are often twinned 
together, 


‘Cleavage: c(001) sometimes distinct. Fracture subconchoidal to uneven. 
Brittle, H.— 6-65. G.= 31-32. Luster vitreous to resinous. Color 
white, light yellow, honey-yellow to ehestnut-brown and garnet- or hyacinth- 
Ted. Picoobroism sometimes distinct. Optically +. No consistent, varin- 
ton of optical constants throughout the group has been established. 

erbergl. 3B = 57,9 1500. 2V = 49" 20, 

Cherie —“Atwoeptisn X > 25° ¥. Ans ph and 2 MOTO). Ac ante = 28° 
toa a= Hav, B= P0018,» = 1az tok BV = appro St 

oy ge A oO. 2 PBio). a = Panta, pT OYA,» = 188-165, 
Clinohumite. — Ax. pl. and Z 1 6010), X Aa axe = 9%, 2V= 70" «= 1 
Lg, = VOR, 9 = O10, 

‘Comp, — Basic fluoslientes of magnesium with related formulas as shown 
in the table above. Hydroxyl repluces part of the fluorine, and iron often 
takes the place of magnesium. 

ete. — LB, Inhusible; some varieties Mackie and then burn ite, Pum with 


potiths ilphate fo the closed tule gives mresction for fcrine. With the Razee a 
Fee i ig ih nes "Then with supe ci ive ot lion 


of flgrine gaa. The 
el pore, cyl, and age 
anmee bot 

or Feklapatiie type found on Mite Somtua.. They are associated with eheysoliv, 
hott, aged pie, vera, te no le ft with apn 
Tasloniia, aephelia. “Of thé theve speries, hu arest and clinobumite of most 


Fretuent ocetrenca. They seldom all ostur together in che sume ma, nod ly rare 

trot the clon fw huetle nat choot) spear togyte. Gecemmtaly castrate 

IRmoatin eye of huni nd ral gow wih eyo hve sa een 
“Nerbergie wan disor re at the Otstmoomon irony ming, Norberg Vaskmanland, Sredien. 

voc tas bean ciliad choododite or humite from Franklin, Sumex Co, New Jersey, 
‘Cheetos st Mite Soma, 9 noted Above, From st Pu 


Aon ir tro thane color intel Rater ar jem 
Orel ‘nthe Untied States abundant at the Tilly Foster magnetite ear 
Brewster; Putuun Co, Now York, in gumet-red cryatals Of great feanty aa variety of 

‘described snd to be the 


2 i 
Province of th 
Fiala os k Seow Butsan Coc New Toke 
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exper fer Ioan of caddie have teen note, éaline 
anes To ty rg ote ered fee Sef ae y 


SSL SaSisti panel "Al eweetay Pet Co Rew Yes ange peatanasf 
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sive chandrodite" oonur. smeciated with taugnetite, neta, sand from fis 
lange scale. ‘New ¥« 
i fark, 


xtnalve aeration serpentine ha Dna ore 


.— MaxiMuOEDS(I0)» similar to, the hurito type of formule 
Monoslinte. In steated ‘parallel fo orthoaxie Newive: = S56 
GOR Bune Color hight pura sed. Optiealy —. a, V 701, = L771, 7 = 
Yaa ay SHS xa tpn lonvage From Fraailin, Sumer Go, New Jerey. 


TLVAITE, Liewrite, Yenite. 
Orthorhombic. Axes a 21 r0-44a7. 


00 
1,110 A 110 = 97 22 vr 301A Tot = 77 1Y 
WBA IB eRe wo LA Tit = a UD, 
faces vertically strinted. | | 


Cleavage: 6(010), c(001) rather distinct. Fracture uneven. 
Brittle. H. = 55-6, G. = 390-405, — Laster submetallic, | 


Gola rom black oF dik grain Blak, Streak Mack, nctining | 
to green oF brown. ue. =. pl. (100). 
Z=c axis, Dispersion strong, p<v. a=115. Strongly QAs> 
Dogo in very thin sention, 

‘Comp. — CaFe,(FeOH)(Si0,), or Hy0.2Ca0.4Fe0.Fed), 48) 
20:3, iron sesquioxide 19-6, iron protoxide 35-2, lime 13-7, 
Mariganese may replace part of the ferrous iron, 


Pyra ete. — BB. fens quietly ut 25 to a black magnetic bowd, With the fhiaes reset 
fon, Some vasietine give ten 6 reaction for tatgnseee Gelatinizes with tyro 


's = Silica 
ter 2:2 = 100, 


‘Greece. From Heswen-Ness near 
taly ao Site. Mulat wear Predazzo in Val dt 


Heer a tsi = vane 2V moall ound at Ske Keely Miny i South Lintner 
SO ey oe laos Wick lates Rilkoonsle. oasis Goal, Taha 
Oca Maeno frre 5 
Melariobetra in inosine besagena peat eryntal A = OG 
SUI" Usie eculle, ‘Gpdecly'=. wai f= Sat Onan i Sinden st Lage 
Daaiytan, Vernland and at the 50 mines tear Orcbro in Orebro. 


8 
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aoe ‘See also p. 584. 


nay Sr sig (Fe@,)Pb, nde, (0 ‘Orthorboruble; 
poo ii Pr Pat gue omy hat 
‘gay. Ontialy + ae i 
Bikers i mss tod a Last turay ac Vera Sees Ni eae 
Freombling Lentrulite at 5 lerra Co, New Bleseo, 


Berane — HaBesSi0y or 0 AUe0 280, Oribrtanbic erie, ln nal 
ieee ia ‘wins. Cleavage, (110) periect; several 
diher dint lena Cates lo pale saige, “Og 


Gon 290-200, to pa rege, Ot 
ally — Ax pl ‘ais. a = TDL, 8 = VOU, = POLL Berirandite 
Sects at common ite i init nanocinton with 


ar i i i oo cane 
impels lew “i baal ba 


HEA 
wl, WEA 1 = 


Septet KO ; leo 
puakcy foes B vercaly Weinled.“Coealy 
implanted and showing one extremity only. 
When doubly terminated crystals show hemi- 
tori development (et Fg. 8), Often 
igeuped fo sbeafike forms and forming 

surfaces in cavities. Also stalsctitic, 
tsamllary, botryoldal, and fibrous forms 
a (440) perfect; a{0K) Tee 96 e004) Jo trace 
leavnge: a fet $07 of racture 
‘maven tor mubgonehoidal, Brittle, Ha = Ae the Intter when erystal- 
Vised. G, = 3:40-2°50, Luster vitreous 1) _dubpeatiy, sometimes 
adamantine, Color white; somotimes with filuish oF 
shade; also yellowish to brown. Streak white. t to translucent, 
0 mally “FAT (10). a = ems, 2 a=16l, p= 

es Strongly 
Comp, — HvZniSi0, or (2n0H) SiO, or HyO.2%a0 SI0y = Sion 2-0, tine 

oxide 67-5, water 75 = 100, The water goes off anly at a red beat; un 
changed ut 340° C 
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infu chasconl siti aoe ives a conting 

‘ite on cooling esl iin’ond bein O-F arco iors 
right green coloe, bat the igalted. mineral Atself becomes blue. te coe 
“oie — 22 by ie infiniityy action fer sine: eetsmton wits ai 


‘Siberia. snd to Carietis of Aunts st Bi 

a ie omen ees 4 
M iW La Duchess near Domusnavsa, Prot Spain in the 

Pram tht ine dtr shout Anchen [Aka-Cpain) 


crust, Sk}-hlde and fine green} at Alston Moor, white; near Mat~ 
lnine beers at various pein Algeria, it woguificont cryviale nt 
j Constatine. in Mexico fats Saat 


ivan was te ely worked at Priel 
mines in Wythe Co, Viegiaia Wik 
prabcut Granby, Newtin Co. ain from 


arora, Lawrence Ci 
1 Colarado; toy Dee Aas, New blasts Frome 
Stile Take Co,, Calorador fea ra Ste en From the 


Hinmna-ming, Cottonwood district, tab, greenish blue namraita 
me Clans ri Gale f the Cran) scorn tobe 
ra an) i commonly neon 
Pda," hgs{ols say I ron clamus, kre a allusion fo tho sender form 


(alate) comm i he cia formas. 

j30,— Au ore of rine. 

Fraipantite,— S250, 2A10,59,11H0, In thin, fihrous erusta, Color yellowish 
"Sh fof fibers Positiveekingatinn.” Salule 


white, tuster, Binxial, —. Ax. pil.|l ra litenet 
I HNO, guatinsen cpon evsperation file Found on mnitbonive at ualeuo 
Towle, bt be Ville Montagne or 


i believed to be tage, Belg 

a Moneeiniesinnbedral, Cretan vara babi (Sew 

pone 1g) Clone | (GIO), prick, HE = BG, = SS Fombia at & 

ie viel, Silclow tr While to aheatiysune, Optally’ =,” AL pled CO). 
rige, 1-67. Prom, Eranklis, Summ Ca, New deesey. 

“Stoke Fertape HCO, Gelborooiie. Pemaie dourge._H- = 6, 

6,533. Faatliy, & Coa. Opell to AS. | oh, a oa = 


Anixomrre.” Basle silicate of tin. A mixture of two coattents, perhaps ida 
au crtalon paar” Maztv, cracgtely gral al throm Lary 
shales of green. Way'toreinc hunter Sewth etroie with n = LF, 
Se rete, alr wi wi n= 182. Found with caveltente, quarts, roa aul copper 


ig tang mot of Arai, Su Wat Ati 
bent iENiaklsiose Orthorvombe, ‘evarinted and alate tifta Tl 

5 _GIED Cob straw tg easyer, Optleally Ax p10, = basi 
14. Y= Te the, th sain of & swale 

2 Wippra, in the Harz Mix, ou quarts. Fromueas Menville, Ariennes, 


In prismatic orthorhotmble and tabular erystals; em? 
age (O10) and ie fits 

egous to greney, 
“Lanwaanite ‘oecury 
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Also in France from Houtee-Alpes; from the island of Coron; from N 
Apennines, “Alper; ores; om 


“Hibuchite, —SamosaforLnzvonite, 
cctaernas” Ht Ge= St" ffeil” Cote 
the poole of Marenberg ose 


meta,” Alin lanes feluioa fren ant of Aubenan, 

‘Cette. a alate ol th oten maa chat wire’ 
tron een Da oy ae et Gk eae oe ae 
Bpsealy Fn = Thais Sisinaor tine neat” Riddarhyttan, Vostaanland 
ae ee tote eee 
fyften, Viecomalang, Seeder. 


—Cey(CeLaDi) SiO Tnometzic. Crystala sul, often microscopic. 
Cubigcleavage. He = 8, G. = €1. Infuslle. Color yellow. = 1312. Gesary ik 
pegilinesyente rocks tear Marinpo, on the north bore of the Sea of Asoy, 


Sines, Minis of ald sid Oe ain eh. 3h 0% 1 = 6h ple 
specs to rash yells cere ob from fracture” Vitrcon fat, ‘Bist 
ER a 2am eer phen ant teehee 
ene Brahe, 

ovens A glleste and titanate of aluminum, ytsium, manganem, 
rome Dedede abit". 235. Be = tba. a S77” Cale, Bec 


Atco, 

MOSTALe.80 Is thin tabular 

com saronasone imitien, Uae 
‘district, 


TOURMALINE. ‘Turmalin, 
its eyaber agen Axis ¢ = 04477, 


co, 0001 A 1071 = 27° 20". wn iy = 465 52". un, 
Spoon A UNL ae ae, MLA Dod St “oe aah A BT =O te 
Coole ly pve Fs ADL, fn ‘dine tastier cl 
flattened, the prism nearly wanting, Prismatic faces strongly strinted ver. 
ficallyy and the erystals benee eften much rounded to burr! shaped, Tike 
‘sot ation of ths prises threseiied (ny Fig, 960), sinaiied (eh ar nine: 
Slot Grand w)-  Crytiais coramonly: antSorpiie. Boxmmsises trated, 
But more cormony. in paral or ups, Somes mame 
t; alao columuar, conree or fine, lel or 

a( 110), FOT) aficult Fracturo wach to uneven. 

Britile, und often rather frable. -H, = 7-75. G. = 208-320, ‘Luster 
‘Vitreous to resinous. Color binek, brownish black, biuish black, moet eeu 
Zon; bh een, re and snes of hades! raely white or color 
‘ome apeciinena fed laterally and green externally; and others ed ht ont 
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extremity, and green, blue or black nt the other; the zonal tof 
Gifcrent eolors ily various bath na to the eolors and to crystallographic 
directions. Streak unvolored, ‘Transparent to opaque. 

dichroic, expecially in deop-colored varieties; axial colors varying. 
widely. Absorption far Omuch strongerthan for, thus sections | caxiatrans- 
Init sensibly the extraordinary ray only, and henee their uso (eg, in the tour- 


malino tongs (p. 267)) for giving polarized light, Exhibits idiophanous 
Optically = Mf, gene lather highy a "c= O02 
1, = 16008,  — 1-0108 eolorlees vant 4 980 


by friction; also Lf 


strongly 
te Odo, ease eet ak ia 
cares amie emtetcemas 7] 


the Siri met volved (ira) the Resin eed 


Ma ie txiarer i fees has the nppenrnace omc token 'mriace of nme Kd of nolt 
pace - 
Seat "(0 Draste «brown tourmaline. "G) chor i Hake 
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jn SE A CaaS, Mint Of sn wd iit,‘ alee 


ium, fron or the alkali metsls prominent. A general formula may 
‘written as OES Or (Penfield and Foote) in which the inivpe 
may be replaced alkalies nnd also the bivalent elements, Mg, Fe 


Fluorine is commonl reset in small amounts. Niggli writes the forinula 
as ARSAL(SIONs.1 Read 


‘Many other formulas have been proposed by different authors but the composition must 
te andere ce ute Weae names uve nn ive fo yee mendes 


‘assumed to be te nlite ebay eae, dra, ocho, rub, rt ada, 
that Yanetze based upon compton fall nto Ure prominent soup twas which 
‘are many 


Tr Avast Fowmisiten, Contain yadiam of lihiu, or both; alin potaium, 
G. 2808, Color ed to calles. From pegimatiten 
fieprets ‘Color wmuully deep black. Accemory mineral 
Jn linn gon rk ad in mig cs a a 
ixoneareat Tounsvansxa. O. = mally yelloe-brown to. brow 
‘blank; allo colores. From limestone or dolomite, 
Wer The ingests sietch fun tale salt toe wlio bey gaia a: 
= ariel fuse aie or 
ne oa oii te witha rong aT sag o eal 
‘varietion fuse with difficulty, or, i soron, onl 2 roeemaguenihis 
Yate in on the ls, a fen wih a i al nese fee ths iin 
Yates are infu.” With the fae fy varie gie retin for ron, an a 


Banowe, Ted wilh a mixture of potas bisuiphate dt re 
Extent forre seid. “Not dasospiond by aide Cela epi afta 
‘eigen, ah wna pyreloiit 
Die Ty tera prams farms om ich ae three 
beta ep teh Pome tee terre gepiyis 
ings Ske amphibole a 
te pa eer Thani by dia ty en, 


itaorption when the direction of erytal 
toc ts wither nck of cearage eter 
by re roe mainerals abow 


ba — Ce found tn granite and grime fu a Tom of famarole ction oF 
‘Obs: — Cony found in gra Er tion oF of 


‘tmineralixing gneee inv y uly in the pegmatite namociated with 
fh on a he pip sr psc ri the he lg Tipny goemm 
SFnoutaly Horing nen. Ie marke especialy the bounce of 


fe thon characteris of uch occurrent 

ling moseovite, sle-Commog i Une a rel as are ae Pe 
(a ett bn ter coverage sinned nies terete ee 
fein Fey bra the hkiniince vary soconl ae 


Se oe ee er 


i tte rcurrenee tat only the none cal 
enon slr cat atone Here. rony Nevin 


coumadin cose fro a 
ti a Min Cervantes at Haas ete 
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‘come from An} i; from pecsrr pr Seah dey 
emirate ea 
Seep tt ne cnenely a erg 

ae eee ear ae 
{a8 row ceystaln enn from Ceylon lo ee gran al el 


‘Minue Gerses; Bru 
te the tai 
Pires 
dulecerpeness Coy al 
ie rch bias fa Re A Grafton; In Sullivan Oo, at Aewortl aud 
ES bic emma Tiemuhire Co, Ataamichrsole’ at Chesterfield an 
st “incon Cone Sigaeses Co" ot lady and neat MLletown, bots nce 
‘mon abate ane e-veing; in Fairfield Co, ut Maatoe, perfect brown ery 
{Eilean tn New Gos in St amen Coy near Gouverneur Cant sed dk bo 
cen highly mudi epletdent black crystals ot folate andl 


Fate Naan thes fates In Ses Co New See at Has, 

als in linestoge und in grage-green cryrtala pear 

a ce ei pty Derr Cov Prati Tp Renu nar ec 
“eh or 2; fam tho penis of Sa Diogo Coy Caer, at Mima 


m Tana to Coupled vo roan at 
yi ete to srcan by jens af Caen) 

Prantl asad an gemstone; ove 
under “ Var 


ae 
SEE, oe teen, trae, rie Aneto 
poe ras Scere cer Ae 


in charueter with the ornate, (AIO hw AL (vr (Pend). "Ou ang to 1800" 
is eouverted into malts ALO, 290) ith oof bari onde and wale 
‘Orthorhonabe» Prismatic y 00 nualy is trou Yo columnar 


‘Clsvoae? af i), din ie a A 
Se Liter vote, triage i ee 
ire gel erg See ee kan slim raat 

linia “Optilly =. Ae ph 010. alah aie 


Bear 
fn thin ston ty its rather 
SS Somers ten Rok men 
nr c S 
oa ‘hoo, 


Be Wendateee a Cenals hoot 
Ontaria, 


STAUROLITE, Staurotie, 
‘Orthorbombie. Axes a:b :€= O-4734 : 1 : 00828, 
smun’””, 110A 110 = 80° 40", er, DOL A 101 = 55% 184, 
OLA Tot = 110" fie, 0A Ot = as 
ye orion tpl! (002) the erontal roma ary ot ahd 
Angles nit le be Sroktnad Go Kivieg Pe ot 0) with 200" aes 
9); tw. pl. 2(232), crossing at an angle of 60° upproximutely 
{Ganynlo by explatecd se i otation ef 120" about the one axe (101))s 
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pl: (230) rare, also in repeated twins (cf, Figs 423, p. 186; 407, 
Poi cosas emineny praeta petite fe ndoy often wh 
Tough surfaces. 


Koray structure of staurolite shows that it hae in part an stomie urrange- 
ment Identical with that of kyanite. Tt may be conceived as made up of 
set 98 


KA 


or, 


layers, lying perpendicular to the } axis, that show the structure of kyanite, 
eetatan Chl layers that contain ish steam ond hydroxyl groups. The 
atomio arrangement on the (010) face of staurolite is identical with that on 
the (100) face of kynnite, thus explaining the parallel crystallization of the 
two minerals frequently observed. ‘The unit cell contains four molecules. 
Its dimensions correspond to 1a, 1b, Ye. 


Cleavage: 0(010) distinet, but int ted; m(110) in traces. Fracture 
subconchoidal. “Brittle. H.'= 7-7. G. = 365-377, Subvitreous, in 
i lining to resinous, Color dark reddish brown to 
ne siolio gsi” Decuanetcar ois 

7 col to; nish. lucent to: ly. 
paque. Plonchroism ditinet: Z (=e sa) hes 


ae on A cinth-red to blood-red, X, ¥ yellowish red; or Z 
/—— gold-yellow, X, ¥ light yellow to culorless, Op- 
ically +. "Ax: pl. || a(100). Z_1 e(001). 2 = 
88° (approx), @= 1730, a= PTA, y = 1-746. 
ze —HFeALSkOr, which may be written 
(AIO) (AIOE) Fe(Si0 )s oF H.0.2Fe0.5A1.0, 4810, 

= Silies 263, alumina 559, iron protoxide 15:8 
water 20 = 100. Magnesitim (lua manganese) 


le replaces u little of the ferroustron; ferric iron, 
we | SS of tbe Mlumainiish. ote 


Asn result of X- vate the following: formula 
ap ota hem BRE ARR CAE oe oom 
5 as 
a ied! ne Jue to the ingergrowth of ecall stnanta of Lysine 
AU tr meats ey NG aly 
ripe ronntaon tar Ona ae poets paneacas 


from nae Gy a by 
Vanity found ie mies 
‘te Unuliy ryualine st, te and rin, 


fle fees upto 0 to 48 por cnt; abo fame, sie, el peap® tage 
Bons notable lrulitee for it oomurrencs follow. In ‘Thitno, Suits oie: 
(asain totem Fol and re een arp Ur ete te ies 


ora 
ie te Uaited Sates bandas. he ma chat of 
af Wintlaet Camperind Go lan wre 
“Gratton Coy i 


Allegheny taf oto Patrick Co., Virginia; in 
eee eres 
er eernene ieee 
Se ee ete a ate 
Be og Te tary My gens 
mpegs ere ee 
‘white, or brown. Optically —. Ax. pl jj (100). X = efit. a = 1:065, 8 = 1:67, 7 = 


,, Matorlnis. a initiget tabular eryatala Ueully in 
tions of grab Hoe 75. G. = 342-348 Color 

pA | (HOE 2 canis = BIO" = 108, 
From (Fikes, mouthwestrn Gremland. Occurs 


From St. Urbain, . 
‘Grandidierite. A basic aillosta of alumina, ferric fron, i, ferrous iron, ete 
Crthothorabie: inclongated erystale.Trocieavages, (100) (010). H. = 75. G. = 34, 
Opies Ah OO. a ks Sioned, 
2. Fond in aU Andeabraina, evuthweat of Feet 

Soha noleie In ierogular 
Soo tint: RTS EE GC. mee inlaale 
Strong, pst, oO, Bm 1F0R, y= 1706 


\ Fusible.” From: 
alge A" basio alone contaising feraus oxide Time, magnesia 
fous 


Woleana Raweszor! in the Western Provines, Ugstida, Hast Africa. 
Calloidal, He = B64.” G = 870. Color redid 


SILICATES 
Section B. Chiefly Hydrous Species 
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Lgpliepa bese Map erie inborr ep per terslataa tar ih 
in the preceding chapter with other acid and basic salts. some 
species are referred to here about whose chemical constitution and the part 
played by the water present there is still much doubt, ‘The divisions reeog- 
‘nized are as follows; 


L. Zeolite Division 
1, Introductory Subdivision. 2. Zeolites. 


TL Mica Division 
1. Mica Group. 2. Clintonite Group. 3, Chlorite Group. 


‘Til. Serpentine and Tale Division 
Chiefly Silicates of Magnesium, 


IV. Kaolin Division 
Chieffy Silicates of Aluminum; for the most part belonging to the group: 
of the clays. 
'V. Concluding Division 


Species not included in the preceding divisions; chiefly silicates of the 
heavy metals, iron, manganese, ete. i 


1. Zeolite Division 
1. Introductory Subdivision 


Aaa ia 

Beyonce pred 

“ipo an eas eee 
aa 


ACHROLTITO. | Monostine, Compact. Colt, mow-white 
may fusibe.* Opal 


Fc AA LO 7.5 F007. 


Orthorhombie?, In compact filrons. veiniets, 
Kaaily fusible. 2 = elongation. Indices 1-506-1 


ity of allo compat. HL = 25. = 
bar rary rf 
a= for b= 15 7m 1S 20 etl. Found tn 


Basal, = learns. 
Bay of Pandy raion, Novi Seotla and in peganatite dike ip Haestone quasry at Crestmore, 
Rivemide al 


oes 
ite eer ae 


Vara = toon 7 = 1 ian aie 
Syren, Also at Frankia, Sumer CoN 
Recap, A alate of elaniin 


a 
‘eoail.. Found in small 


crystal Clea 
Bape 0 ea “oace 


a betwee Bomb 
Si a ais “Alma, Sa 


Annspolle Cans Regen front 
Beep tgaes 
ding. flied vtrartara 
ea ot. Fron varias 
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‘APOPHYLLITE. 
‘Tetragonal, Axise = 1-2515, 


‘07, 100 310 = 187 20. 
OLA TL > ao" a2 


Habit varied; in square prisms (a (100)) usually short and terminated by 
(001) oF hy end p(I11), and then resembling a cube or eubo-oetahedron; 
acute pyramidal (p (111) with or without ¢ and a; less often thin tabu- 
lure. Faces ¢ often rough; bright but vertically striated; p mare or les 
uneven, Also massive and’ lamellar; rarely concentric ridiated. xay 
study shows a tetragonal symmetry with two molecules contained in ea 
unit cell, ‘The silicon-oxygen tetrahedm ure linked together in sheets having 


Various formulas for apophytlite have been ghove representa 
cole erg i gr eo eo ae 
Bae colors the Haine yiclet {potadh), and Tascy ton white veniralse enamel 
Lee poet ee LPs th nephention of as lies ay 
‘mon habits; by the perfect haasl cleavage and luster on thie wurface. 

ein arisen? ce emp rth ct 
i cee ct cise meer Pacega me nies 

= ecco ot 
slabs on ptt ae ‘Nusa Ty i onthe Se Ape Mot 
the Isle of Collinwurd near 
cae eee al lier ae 
De Beces tismorel mines st Ki ‘Griqualand-Wark Sout Aiea Tom Pols 
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om 

he Bay of Fundy region of Nava Soot it occure bth massive and erytalized at Tale 
‘ it, Cape Blowsldan, et 

2 itaudes 6 is tendency to exfallate wide the Morin fons ie 


: fea whlih peney ages Feblig te eye of nk afer gy ave 
Fibs & the arcs naisn Tcihypilnde ea ly Jah, Sobor ee 
2, Zeolites 


‘The Zeourres form w fatnily of well-defined liydrous sllteates, closely re 
ated to each othor in composition, in conditions of formation, and hence in 
mode of occurrence, ‘They aro often with right. spoken of as analogmus to 
the Feldspars, like which they are ull slieates of aluminum with sodium and 
ealcium chiefly, nleo rarely barium sind strontium; magnesium, iron, eto., are 
absent or present only through impurity or alterntion, Further, the com- 

ition in a number of eases corresponds to that of x hydrated feldspar; while 

fusion and slow, ion result in tho formation from some of them of 

anorthite (CaALSiO,) oF a calcinmealbite (CaALSiOu) as shown by Doelter. 
"The theory has been advanced by Winchell thst in the zeolites the ratio 
ALOy : CaO + Na,O is always 1: 1; that the Al +81 : O ratio ix always 1 
‘and that in any given isomorphous part of the Zeolite Group the Ca -+ Na 
ratio is constant. ‘The firt ratio is confirmed by G, Tschermak, who further 
concludes that all zeolites contain either CaAlSisOs or NasAl-SiO, combined. 
with a silicie.noid, hydroxyl and water of erystallization. The Zeolites do not, 
however, form 2 single group of species related in crystallization, like the 
Feldspars, but include a number of independent groups widely diverse in 
form and distinct in composition; chief among ‘are th monoclinic 
Pamaurstre Gnovr; the thombobedral Casaztrz Guove, and the ortho- 
rhotbie (and monoclinie) Natuourrs Guovr. A transition in composition 
between certain end com thas been moro or less well estal in 
cortain eases, but, unlike the Feldspars, with these species ealoium and sodium 
seer to replhice ane another and an increase in alkali does not necessarily 20 
‘with an inereaso in silien. 

‘Phe water contained in the zeolites differs from the ordinary water of 
erystallization of other minerals. When the zeolites are heated, the water is 
given aff readily and continuously and not in certain amounts at definite 
fomperatures asis usually the ease. Further, the partially dehydrated minerat 
eno sein take up an oqual amount of water exposed to water vapor, The 
optical characters elunge gradually on dehydration, but apparently the 
Fa ceisler aac Bas Dhan edna eae 
process is carried nourly to completion. Further, the partially dehydra 
Eigen Ses Merb oboe lad tthe ‘water, stich as air, ammonia, 
alcohol, hydrogen sulphide, iodine, ete. It would appear that’ the water 
‘occupies at least an unimportant position in the atomic structure of the 
zeolites, poably being present as adsorbed water held in openings or channels 
of the ‘structuro (see further under nnaleite, p. 652), Another chemical 
peouliarity is the fact that the alkali metal present may be artificially re 
placed by silver and other metals. 

Like other hydrous silieates they nro characterized by inferior hurenese, 
chiefly from 3:5 to 5:5, and the specific gravity is also Tower than with corre 

anhydrous species, 201024. Corresponding to these charac 
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they arg rather readily decomposed by ary tnany of them with gela- 
tintation. "The intumesconce 8s which given the name to th fall denen 
far, to boil, anid Nor, stone) is characteristic of a largo part of the speci 
‘phe Zoaites are all secondary minerals, coouning modt-eormoniy. in 
cavities and veins a basic i saree rocks, as bnaalt, dinbase, ete.; less fre- 
ier i In these eases the lime and the soda in part 
Sitlded by the feldspar; te soda alo iy nephelite eodalite 
fet cite, ete. ‘The different spocies of the family are often asso 
ies cc teary ain te pemolig ant spogtyit cence i 
fluted with the seolies), datalite, frehte and, farther, ealate. “Many of 
the zeolites have been produced eynthetically by various hydrochemical re- 
notions. In they appear to have been formed in nature by reactions 
upon the fe or feldspathoid minerals. 


Mordenite Group 


‘Considerable confusion exists as to the relationships of the three following 
species, Schaller considers mordenite and Hokie to be idential with the 
composition (Ca,Ns;).AL0,9810,,6H,0, monoclinis or trielinio erys 
fenton vith small inated exttctin’(ebout Se), Se ferihne osetia 
ptilolite (o have 10810, and 7H,O, to be urtharhomabie with parallel extinction 
aud to be the most common metaber of the group. ‘The mineral described 
by Parson from Wyoming and accopted by Dana as erytalied mordenite 
he considers to be a dimorphous form of ptilolite, monoclinic, with « large 
extinction angle, and gives it the name clinoptilolite, On the other hand, 
Beggild considers flokite to he idontieal with ptilolite, and Walker and 
Parsons suggest that ptilolite is identical with mordonite, 


Pilolte. (COKGNa)O.AMOs 10SIO45TLO! Otthortombie. to short expillary need 


licwte tufte Clenva 100), (010). Ho= 5 Gi= is 
Fle? Fei tick Clete wie Opty = As WG ot eae 
mie taTa Oscar 


i calnony avin eu agtosaee 
too cits eae is i Chl Sar one 

Cate mic a ao 3 
at San Piero in Car Eats 


‘tween erase ‘s Bom aad ‘and ni rear Toes clinoplatte Above). Ala fro Trentino, 
Por ‘on the Sele Basu Rate Taroe Inlanvls. 
Feces area 


DueBEHO, RH. MEDLMOL, “Orhortomtin 
SS tio. tla hit o peat 
oye La, Hn Cola 
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Heulandite Group. Monoclinic 


‘The following minerals show such close relationships in their crystallo- 
phic constants sind similarities in their composition that it is probable 
that they form an isomorphous series. 
B 


Heulandite ICA Nn} AbOe iOy-BH.O 
Epistilbite ;Nitz)0-Al0s.68i0;.5H:0 
Brewsterite (Sr,Ba,Ca)O.Al:0:.6Si0;.51,0 
HEULANDITE. Stilbite some authors. 
Monoclinic. Axes a:b :¢ = 04035 : 1 : 04203; 3 = 88°34}. 
sme!" 10 A 110 = 437 50", e001 A B01 = 06" 0”, 
he OOL A 201 = 63" 40". 2, O01 A O21 = 40" 38)" 
tals somotimes flattened || b(010), the surface of pearly luster (Fig, 
60% ee Fig. 21, p. 13); form often eof the orthorkorbie eysiet, 
since the angles’ ex and ef differ bu ‘Also in globular 


Mordenite feo At. 910,60 


even. Britt, Ho = 35-4. G.= 218-222 Luster of & 
pearly; of other faces vitreous. Color various shades 
of white, passing into red, gray and brown. Streak white. 
‘Transparent tosubtransucent, Optically -+. Ax. pl.and Z 
(010), Ax. pl. and X for some localities nearly || ¢(001); also 
for others nearly 1 ¢ in white light, Axial angle variable, 
from O° to S25 ually 2V messy GA a= 108. = 1409, 
Comp. — (Ca,Naz)0.AL0;.68i0;,6H,0 = Silica 49-2, alumina 168, lime 
92, water 148 = 100. 
‘Serentie We hanally seemeh peanetines op 86 0 Pas ene 


‘Wen tonlandite ened from 25° to 10)" C. there nm gradual and ire rotation 
of tbs tal sane wit Garena tute of the opti bg when Ie konted 
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United Sta of New 
en ith the rap roca of nerbeater New Jerey at Bergen Hil 
fove Sotia, at Peters Pointy lk 


(GaNa0.A40,68i0,.594,0. Moncelisiy aiformly 
radiated ia Fala anu, Clenvage 


Greses. 

CaOALO,6SI0..51,0. Monoelinie, In prismatic exyatale 
See uate tattie Uedurehits eattee 
Optically 4. Ax pl, 1 (010), “X Acaxa = Weak. c= LA), 

Tie ‘oleerved al Stroy i Angi, Selo, 
2 Giant's Causeway, Anti, Ireland.” From te lad mses of St. Turpel, In the Black 
Baden. At the Col dur ‘Bonbomine, southwest of, Mont Blane, Sevoie, France: 
yriates; and has bem reported from St. Critophie near Hoary 


Phillipsite Group. Monovlinio 


(Ba,CeK) ALSO 310 
ie (Ee ae 
Stitbite (No) ASG 10 "50 


‘The above species, while crystallizing in the monoclinic system, are re 
markable for the pscudo-symmetry exhibited by their twinned forms. Cer 
‘nia of these twins are pseudo-orthorhombie, others pseudo-tetragonal and 
more complex twins even psetido-isomettic,  ‘Tschermak suggests another 
crystal orientation for the minerals of this group whershy 3 becomes nearly 
om The orthorhombic minerals 
epliemine and stellerite are probably 

sly Tented to the group. 
ie chemical compositions of the 
diferent membre of the group have 
variously interpreted, and prob 
ably different ixcmerphous moleetles 


8 
43° 27! 
55° 37" 


Al are present, The uboye formulas are 
| based upon refinble analyses of certain 
> typieal occurrences. 


Tee Eh Ge dare basa, Fanily” fimble Plumer vious Cobese tS 

‘Scalat the Bank Chek (Callskaten) eran rine fu Oley Co North Caran; 

Suse utautia’ ais unto Kurry nus tenlrpel, Consens ke bose 
SuSuted ew tinoach harmctie 
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‘PHILLIPSITE, 
Monoeliiic. Axes a 07005 5 1 :1:2563; @ = 55°97", 
son", 10 A 110 = 0 42. fom, O01 /\ 110 = 8930" 
a’, "100A Tor = 34" 2 O11 AOD = 92° 4% 

Crystals uniformly penetration-twing, but often simulating ortharhomble 
or cetragonal forms, Twins sometimes, but rarely, sizaple (1) with tw. pl. 
(001), and then eruciform so that -dfagonal parte on ry 
bla10) belong together, hence a fourfold, strintion, 
|| edge b/m, may be often observed an, (2) Double 
twins, the. ‘imple twins just noted united with e(011) 
its tie, pl, and, since ee” varies but little from 90°, tho 
foal is ht nearly aquure prism, terminated by what 
Spear to be pyrumictal fuces each with a double series 
Of striations away from the medial line, See Figs. 

478 480, p. 195; alo Fig 428, p18, Faces (010) 

often finely strintod as just noted, but striations some~ 

Himes absent and in general not so distinct ax with 

harmotome; also m(110) striated || edge /m. Crys 

tals either isolated, or grouped in tufts or spheres, radiated within and bristled 
‘with angles at surfer. 

Cleavage: e(001), 0(010), rather distinet, Fracture uneven. Brittle. 
H. = 4-45. G,= 22. Luster vitreous. Color white, sometimes reddish, 
Streak uncolored. Translucent to opaque. Optically +. Ax. pl and XL 
O10). "The potion of varies ‘widely. Indices variable, « = 1498, 8 = 

00, 503, 
‘Comp. — In somhe easen the formula is (KC) ALSi\On4}H.0. 


HARMOTOME, 
5 Honeolaty Axes ab s¢ = 0-7082: 1: 1-2310; 6 = 
ae 
Crystals uniformly eruciform penetration-twins with 
(oon). lier (1) sme twin (ig, 97 2) 
united na fourlings with tw. pl. (011). “These double twins 
often Hinve. the aspect of square prism with dingonal 
| age ‘the hitter with charneteristie foather-like: atria 
fons from the medial Kive. Also. in more complex groupe 
neloguue to those of php 
na (10) easy (001) ems, ructur uneven 
tosubsonchoidal, Brittle, Ho = 45. Gi 244-250, Luster vitreoas, 
Color shite: passing into gray, yellow, red or brown, Streale white. Sub 
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transparent to translucent, Ax. pl. and Z 1 (010). X Ac axis = 60°, 
Optically ++. 2V-= 43°. a= 1503, 8 = 1508. y= 1-508. 

‘Comp. —In part (K;,Ba)AlSi0,.5E0. 

‘Pyry etc. —B.B. whitens, then crumbles and fuses without intimeseence al 3°5 U0 
white translucent ee ee ‘heated. Deeomposad by hy~ 
a rer fe : 

‘Obs. — Occurs in basalt and. se eo phnall, aiate 
i eee 
‘rombarton ol ithe Came Hl, = 
Tn the United State, in small brown crystals ‘ilbite on the muielse of New York 


‘ restr culating to the fet that the pyramid (mae 
Ane Angi yt ee 


STILEITE. Desminw. 
Monoclinic, Axes a+ se = 07023 2121-1940; B = 50° 50". 
Crystals uniformly erueiform penitration-twins with tw. pl. c(001), analo- 
‘gous to phillipsite and harmotome. ‘The apparent form ic id 
‘whose faces are in fact formed by the prism faces of the two in- 
dividuals; the vertical face being then the pinnodids B(010) and 
vin tk 


(001) (ef. Figs. 64 328), Usually thin tabular || b(010), 
seem rapdand eopstals are often grouped i ay aca 


‘tion, forming sheal-like ngarcgates with the side fnce (b), show- 
The its characteristic pearly luster, often deeply deoremes Also 
divergent or radiated; sometimes globular and thin lamellar-col- 


uunnr. 

Cleavage: 0(010) perfect: Fracture uneven, Brittle, H. = 
354. G. = 200-2205. Luster vitreous; ‘of U(010) pearly, 
‘Color white; occasionally yellow, brown or red, to brick-red. 
Stroke uncolored. ‘Transparent to tranalucent.’ Optically — 
‘Ax. pl. I 2010): X inclined 5° to axis a, 2V = 33° (approx.), 
a= 144. a = 1498. y= 1500. 

Comp For most varies (NseCa)ALSi¢O. 61,0, or (NasyCx)O.ALOs, 
6810,.6140, 


‘Some Kinds nbs @ lower ‘of ilies, and these have been called, 
‘Som nds sow # ler pare of ic, ve hypostitite, 


: ures to fan-ike gr vermis Tora, Sad 
[oe ice dk HS Sn: ‘Bosompored hy hydrecone hey wit wea 


SILICATES 


g 


Borges Hil, Wort Paterson, Great Notch, Upper Montelair, ela, Prana tyania 
Pe rn ee ee ret ns Retin ithe maine batts is Une Bag of Panay 
fepion: iu Cisoberlaod Cov at Pastnige Island, Two Inland, ete it 7aoum poinia 


‘SIN anine sie ir ey ler, and denmine rom tir bundle 


= Se, sme lite, Otorai fa mint eal 
se te pre ahoning. Cit rage pel ocr fats’ 

Piven wish = ee rice, era Peat OO 
i Bae Baska Macs Gas Now feony att sot of Heating, 


FHO. Orthorhomble,  Cryntala tabular parallel to (010). 
to (010), Witte parallel to @(100) and (001). He = 2a. 
Ax pl | (010) eee end Se ae 


iy 
B= ae Poem xi ate 

eee Monet In twianad_pyrmidal 
cgetc rte = El Ea l,l rit 
Sn i gravatrosdahs“Oppeiy AX pi L010} 2 onty | 0) a 
see tas Beaters gin formed a comparsth 


saa Tt cooury in the True of a icing M 

feat ne, aly at Cap Bove Tare in ers, Tn Bebo of 
Hes cer ir Suncor hee Cites bs 

a ag Te RE Med ec tonteg Rie 


LAUMONTITE. Leoubantite. Caporcinnite, 


Monoclinio, Axes a:b :¢= 11451 :1 + 0:5900; 8 = 68° 46" 
‘Twins: tw. pl. o(100), Common form tho prism im(mm”” 110A 170 = 
as 4) wih tia termination e201 00 B01 ~ 90" 88). “Alo ee 
‘nd divergent. 
Garage 010) and mL) very perfet (100) impered | Fracture 
inclining fdent ion ities oh suave Ole od ‘passing In 
to ‘upon the faces of elesv! hit, passing into 
vane ‘or gray, sometimes red. Streak uncolored. areal to trans- 


inclirerd, sli QV = 28 = 151s, B= V2, y= 1525. 
Comp, eal Nag)ALSI On 4ELO, 


and te ao pohly rn of epee. ® Taineral with the some coupe 
‘Gon but with ality st een called eeleonhardie. Schneider 
{ets non oy the ryt a loz Maly ohh anderen lean 
{noah the action tow. Vonalioouront lowered variety cone 
Ure 3 pe om VO om ‘Tuneetan nn A F8 é 


ee LB, awills up sd hisen at 23-3 to A White etuainel. Gelatintze with 

HG Laaontle occurs tthe wi of ts ae tre eat or 
el cer i the 0 a” 7 

ive rocha alsin th sere acd forks, no eat and it, syenit ain he 

Sapa Trot wise salons cay ete” Glin ko sealers Yes) expecta 


rie pcs folloe. To Tracaylvable of Rumnate nt, Nege-Ags to the 
grace fbi. Trani of at, Neav=Ai 
yr, ini ie esa the Zaria an "ram he Pierce Gd 


is from Alte! de ‘Siri tet None Mink Taseany etPraln Se “Gat in, 
(cerlund.” In Seotiand sour Glangow inte fpatiek ils, Dumlarton, Kilmas 
are ia india nt Poon ober Bonny afd the Western Gans or Slade ts 
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Tn the United States in northonater Ne nt Wort Paterson, Great 
tay a Fre no Phd nal Abtaact bs Soop pice te 
coupes dene in Keweenaw Co.,, 1. In Nova Scotia at various seolite localities in 


re 
Las ite. —CaALSiOy0H.O, Fibrous H. = 45-6. G. = 223. Fimible, Color 
eaten cath ORL Ok Si Gas Rte 
co alana 


Chabazite Group. Rhonibohedral 


r G 

Chaberite  (CaNadALSLOnSHLO 85°14" 1.860 
Gmelinite ityCa) ALSIOz.6H,0 68° 8’ 07345 or fo= 11017 
Levynite 3:0 n.5H0 73° 56’ 08357 or go= 11143 

‘The Chabazite Group includes these three rhombohedral species. ‘The 
Sea tere um daciy Gidiey nent tke ae trocegistins ef 
ratios al ‘ar ee, taking n of 
Chabazite ag tho basis, that of Gmelinite has the symbol (2023) and of 
Levynite (2034). Because of optical evidence these minerals have been 
sesumed to be trielinie or monoclinic and owe their charuetar to 
intimate twinning. ‘The monoclinic erystal constants that havo beet: derived 
‘on this assumption have close relation to those of the members of the Phil- 


Upsite Group. 
variation in ico often observe i the frat os nell to th ater 
lute hyporbest tha they are to e viewod as omorphous toss ofthe feldeparsika 
compounds 
(CaNaALSLO.ALO, (CaNapALSWOn SHO, 

‘The ensot formulas for these minerals are, however, wil uncertaia, 

CHABAZITE. 

Rhombohedral. Axis ¢= 1-0860; 0001 A 10Tt = 51° 257’, 


‘Twit 1) tw, axis ¢ axis, penetration-twins common. (2) Tw. 
HUGID; contact fvina, race, form sontimanly: the’ aimpio ie alate 


varying little in from a cube (rr’ 1071 A T101 = 85° 14’); also r and 
{O112), (ee! = 54°47"). Also in complex twins Also amorphous, 
Cleavage: ¥(1011) rather distinct. Fracture uneven, Brittle, H. = 
£5, G. = 208-216, Luster vitreous. Color white, flesbered; streak 
‘uncolored. ‘Transparent to translucent, Optically —; nlao + (Andreas 
ery alho haem), Breeingsace. lo. interference-figure usually 
fused; sometimes distinctly biaxial; basal sections then divided into 
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sharply defined seotare with diferent optnalaventation._Theve anomalous 
chumoters have been assumed to be due to the relative amounts of 
see Resto 3 jinn ee Mees wires 


foary cloister Pe en perenne: seit 
 Phacse us caress variety oovrsing i Grins of 
form (Fig. 97), ‘und logtlouar in ape ( 
far tom Lips In Bobet Gly ao eshte art) tom Riu 
Meera fowe SBiye” Hones fa nanan aba, mage rims wi res 
en Sly.” 1C conus 3 weit 0 
{ermitatong divide ho sx restorn 


fe 
& 
id 
fit 
a 


noted even among specimens from the same locality. ‘The composition 
Tsually coresponds to (CaN) AWSiOu,0E0, 


Potuaium is present in small sanount, alao sometimes, barium and wtrontiien, 
bor Errata ay nuance ml Tn 8 Hey ws nerly pn. Deomipomd 
by Wyo ai, with penaration, ye sila. 

a or (racing cuba). Tt ie barr chan 

‘ith intumessence unlike can 
‘Obs. —-Cliabasite cccurs mostly: tx the amy 


ad ovennaly In gran, epee een 
Boies forotnen recent rms tr 


‘larwhore tear uses ulsendeeel gear Leimert 

fool In Riineland st Oberst with harm 

sen la tay ut Sener A 
ah Shy, aes st Aci bx 
Fincol, ae ‘lage 


Mayan heylral) 
wot the 


(GMELINITE. 
Rhombobedral. Axis 0 = 

OT Seetae- usally ts 

usually 

in aspect; sometimes. (01) ti) 

smaller than r(1011), and habit 

rhombohedral; tr’ 1011  T101 

= 68°8', rp’ 1011 A O11 = 


Cleavage: m(1030) easy; 
(0001) sometimes distinct, Fracture uneven, Brittle H.= 45. G. = 
204-217. Luster vit. cous. Colorless, yellowish white, greenish white, red- 
dish white, flesti-red. ‘Transparent to translucent. Optically positive, lao 
ogative. ‘Birefringence very low, Interference figure often disturbed, and 
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‘basil sections divided optically into gections analogous to chabszite, Mean 
‘refractive index, 1-47. 


‘Comp. — In part (NaCs)ALSiO..6E20. See also p. 650. 


and gminitatogrther ss forming ove (somompos weries; 
oe iy cae of al dieence (leaag teeter than so 
Ba )W2 a white enamel Decorposad by hydro- 


‘howe 9 
Mia rier 
‘Oitrette. — A 


‘of Mont Simiouse, nexr Moutbrison, Loire, 


ANALCITE. Ansleime 


Isometric. Usually in trapezohedrons; iso cubes with faces n(211); 

again the eubie faces bby a vicinil trisoctahedron, Sometimes jn 

composite groups about # single 

crystal as nucleus (Fig. 411, ‘p. 

181). Also massive granular; com- 
pact with concentric structure. 


X-tay stuily, shows that ita stomig 
structure ie mine up of tinked Al and Si 
{etrabedra grouped into fourfold anil six 
fold ‘Such » structure is pmenido- 
‘enbio. “The aileon and aluinien stot 


Tie on the ame series of and 

smunaby"ean ear tach her ii: 
sANDief H4AY20 bs Beck stevie baw teed Mee eae 
‘charinels in it which inay account for the dehydration sn atid for the ease by whieh 


Phecomea 
C any, be substituted forthe ecuan atoms. i 
Stverend oer meta ming oe lute Jr th en “The unit el income 


+ cubic, in través. Fmeture subconcholdal. Brittle Hi = 
eh Cathe eee, oer een 

ti or: White, ‘Transparent t - 
[i ‘weak double’ refraction, which is apparently connedted. with 
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Joss of water and consequent change in molecular structure (Art 441), = 


as74. 
— NuAlSig0, HO — Na,0.AL0;.48i0,.2H,0 = Siliea 545, alumina 
23-2, soda 14-1, water 8:2 = 100, 


Analyses show slwayy w varying excom cf ule snl water shove amounts reir 
eae serig are Ss ne ie nad Ow Yoel 


camnout 
‘eater in the flowed tube, B.B, fuses at 25 to ¢olorlew phat. 


“vith other alten, alo preite ealeit, et, in enviten ard 
Sid) So hans dita ete} sso In granite’ wea te TE also 


rasp ens beg ts 
Sores 
eendie’ tise been tet 


if 

est; at Kilpatrick Hill ye, Tn: Iroland from Co, Antrim. In fine Gryatals 
frost ha iin the fat Geom" e Atna st Ter, Vc Prom 
iste, Echgy Province Jn 

ff iba United nts eeu In the trap qurree of northeastern New derney st Bergen 
ih Wet Paloron, ele. Abundant in fate crystals from the copper dieriet in Keweenaw 


ac. 
Cay SAC Tale Movin, Wee ‘Setewon Con Cohwada, Fine 
‘ores eae bem st ay of Bay Nos Ss Wawa 


Soro. 
is Lae G, = 182K, Colorlem, white. n= 148. 
cor eae Seng af ahah la Une Kaley Bodo Geran ste, 


Natrotite Group. Orthorbombie and Monoclinic 
e 


8 
O-G785 51 : 03536 
Scolecite CaALSiOn3H.0 O-9764 2150-3434 80° 18° 


“The thre seven of the Nemotzmn Grove nero clomy in nel, hgh 
ep yaaa vile waicng on vepel pou sons foal ino pt 
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‘NATROLITE. 
Orthorhombie, Axes a :b re = 09785: 1: 03536, 


83 mn ' 
for, TILA AML = 35° a7, 
Crystals prismatic, ually very slender to 
acioulne? frequently divergest, oF in stellate 
“a })) groups. "Also fibrois radiating, massive, gran- 
uilas, of compact, X-ray study confirms the 
orthorhombicsymmetry, There are eight mol- 
ecules in the unit cell. 


Cleavage: m(110) perfect; (010) imper- 
fect, perhaps only a plane of parting, Fracture uneven, H. = 5-55. G. = 
220-295, Luster vitreous, sometimes inclining seep especially in fibrous 
rien Color white, ot colocieas Biers, ae ey se ea oat 

ee ean oe sa 
We Be a= 1480. Bu lee y = 1493. 
fy, Ce sh pe oe 
een ae a eee cater 
Seer eeecoier ‘ 
eee aaa ee Roa acs 
ao 


iy ano 


mbes te, Datel agen 
‘indus Wo incon 


Comp. — NazAlsSi:Oy».2H.0 or Na:O.Al,0;.38i0,.2H.0 = Silica 47-4, alu- 
mina 26'S, NaO 163, water 9°5 = 100. 


—In the close tube whitens and boeomes. TB. fuses quietly at 2 
onal sgn | Hunio in the fauna ordaaey wettest ac 
Divtinguishe (tom aragotite ad pectalie by Ka ey fesbity aod pelatngea™ 


‘Oseurs frayed tant and other related rocks, 18 into 

{oan sate prot of tho ateratinn of nephlte, sollte, agile, it ooeaes 
Se Tis formed mt empertues sl on of Ue i othe chs 
yoruat ocr tae ar gen fof 

oe ear Aig and faye'st Sed ad 

Sid at Neubauer satel to the south 


a 


a Teese 
fa Hoga. fu fin rou Bi 
stu in yaa 

yer ein be 


ny, Ttealrew (galt, ociclar 
le ary). sosbeg feier at 


{ portheastern New Jersey, 


aoa 
re pear eae oe pete 


SILICATES: 


Numed mnenotype by Hay, from piwoe, wiildie, and rtsos, type, because the form 
core eS atta fray tar interate kee te foro 
Shale Natroke, of faprothy te ro patron, dos it alae to tho 

‘Shtnve lod th natho voe-memtype, contrast wih select or Lime-mestype. 


l 
i 


Axes ah s¢ = (0764 =1 20-3494; 8 — §0° 18’, 
Crystals slender prismatic (mim’”” 110 A. 110 = 88° 37}"), twins showing 
feather-lke striation on b(010), diverging upward; also as penetration-twins. 
Crystals in divergent groups. Also massive, fbrons and radiated, and in 
olales Xcmay peudy sons the mon 

Cleavage: m(110) neatly perfect, H. 
vitreous, orsilky when fibrous. ‘Transparent to subtranslucent. _Optieally—. 
Ax pl ind ZL B10}, X Ac axis = 15° to 16°. 2V = 36° (approx). 
@= 1312 B= T1519. y = 1519, 

‘Comp. — CaAbSiiOy.3H20 oF Cu0.ALO;S38i0;3H.0 = Silien 45°9, alte 
mina 26°, fime 148, water 138 = 100. 


Metaxcolenita wna the same i toun artificially dehydrated seolecite. Tt haw 
yin enn eae eared ts 
RRL cnc at i lyre sk 


fast 
ry ete. — BR. sometimes eur up like « worm (wherice the name (rom a 

sore GAS gives seks tn not ments of woes), er Yateties Juno EE 
Sento and all fuse at 2-2 10m white blobby chanel. Celatinises with acid ike natrolite, 
Ste, Seoleite hn she same mde of seentrence and ‘tn eo IE 


Belite, —“Intcratinte Yetiowe 


{conte th 7 in arden expla divergent tl 
fee Cleave, ie eal aad, Ba ea 2, Were cori, 
ically Pe pt Yo elonpaton, we = 1305, 0 = 1003, y = 1500. Surg di. 

ony am, neu nw ial bualt and similar rocks, amoelated, with other 
Felon! From the Cyclopean Ioande northeast of Catauia, Sicty. ia Scotland at Talsker 
fn the ile in elles interlacing crystal alld etloyafan, in feathery 
{alten ta “dining crysis, Bt Riaucolm west Gling in Retr, 
{Ga Aatea, Leand, at the Caat's Causeway and clewbore (the varedea andra 


From the Faroe Talend, 


ite oeeue in Con Anitritn) ab 
in Fruit at the Whor Ghat fn the Western’ Ghate 
ihoarne, 


fe anrecine 
Sivan 


‘Gosnardite. — (C 


ea HSE PES ek, ay eas, Color Optesty Fe 


2 4 to tabulardeveloptent of = V514, 8 = 1516.7 1520, BV about 62°, 


Orthorhambic. Axes a:b 6 = 0/0092 : 1: 1-065, 
Distinct crystals rare; in prisms, mm’’ 110 A 110 = 89°97’. Commonly 
columnar, structure radiated; in radinted spherical eoneretions; also closely 
ae 


L010) perfect; a(100) less so; ¢(001) in traces, Froture 
uneven tosubeonehoidal. Buttle. H. — 5-0, G. = 23-24. Luster vit- 


eons, more or lese . Snow-white; reddish green; impure varieties 

brown, Streak um j. ‘Transparent to translucent, Pyroelectrie. Op- 

Sealy AEH ool. Gabasa, AV = BE (appron)  indlbes vee 
152-V54. 

fa. — 1. 1 (a) To regular Nene re 3 

_ Griaiia tr allt. (Q) eter slesdos sien Velen to rata isa 


‘bro (a) contrtlo contating of teint He onder cota hist 
ae wen rea set rows, Kem te pen ei Unto 
phartea masive fornia ‘several ne varsing color, hence 
n. Got oe mae om lm 


Comp. — (Ca,Nsi)ALSLO, 21,0. The ratio of Ca:Na varies from 3:10 
1, Anslyses also show variations in ALO; and SiO; pereentages. 


te — BL, fuses with inttimmcenon at 2 (0.4 white mamel Gelatinizes with 
hydrveiiloris nei. 


‘is. nie me trl, bu us 8 pat ocr lat 
Ghe.— Found in cavities In lave in atiyxdaloal gases rocks, sometimes with 
epbelte aa rom of tin alteration, Tt once i envile i bp he oben of 


‘which yiebia tho water-vuen pebbles an io ieee Merce 


ar re inte ec ae Sal mame se Ope May Annan 
Caton Co. Ley nena eral "a bean at st Peters Bose Nova 
Scout; Ss rom ater pole the fay of 
‘Eronomnonnarre Tas Cajal ait ‘he ake ‘Meron produt of thomaonite 
cor scoleite fram Treskvn pear Dat in Geer 


‘Echeilite. — (Nn EA fs AO. speakatly one 
‘fitirous, ephernidal mases. Perfect cleavage || 
: ae gvrolldlpeiendpesiin 


‘Beionite. — HxCaKN HO. Onharbambie, 
wool. Ga = 


SILICATES 


g 


Wh Zhe, K Nene 2 9 = LE 6 = 1M = 1 Oui pe 
‘Satie dee the gras of Ba isesoe, Pit, Hy 

— A byrirousullicate of sn aii th also ‘Amounts of the alka 
tion Paecde Tn muigute heragoual ‘in polarised light show divi- 
‘log. Into six biel sectora. Cleavage te tae Pee oS 38 
Fue, "Optically XL clanrage = 152 2V wmall Found as creat rnin in 


Mawive, radiated, Ho = 45-6. O.= 


2208, “Colne white; alno dak ray; Indes, 120, “From Litchfield, Kemnebea Co, 


Dachlardie (Nace AS AO, Monat. Ov ae 
aa te in al emma chs peta Siig ee ain. 
feet Hayy oth Hs ate. Ge = Pion Bh dacreplate, 

me nthe en. He 


fen to a. whl Fraceparet, coir. 
Agr cio = baat 2) cae Oe BV = tan a iy = 
Found in granite pegmative at San Poero in Campo, Hila. 


a 


Tl, Mica Division 


‘The species embraced under this Division fall into three groups: 1, the 
Mrca Gxovr, including the Micas aiandd 2, the Cutoxrre Group, or the 
Brittle Mieas; 3, the Catomre yentary to these ara the 
Verniculites, hydrated ompounds, chily resulta of the alteration of some 
cone of the micas, 


on tha Gankwetie rom a ‘marking the relative position 

of the chief zones of forms present, and giving them the appearance of hex 

agonal oF somes symmetry; further, they are more or less closely 
themselves in the angles of prominent forms, 

"The epecies of this Division all yold water upon ignition, the moas mostly 
from 4ta6 percent, the chlorite from 10 to 18 por cant this ia probably t» be 
Taseiel in all cased as water of constitution, and benos they are not properly 

‘More or less closely related to these species are those of the Serpentine and 
‘Tale Division and the Kaolin Division following, many of which show die 
Mati emis wuetire wn elewage ant abo pao dmgona 
metry. 

1. Mica Group. Monoclinic 
Muscovite Potassium Mica _ HaKAL,(SIO.)s 
ae erbse— ORrb:1:30128 6 Bo" St 
Paragoaite Sodium Mice NaAl (SiO 
Lepidolite Lithium Mica (OHPKLi hu in part. 


Mic 
Bitte“ Magnestum-iron Mion HsK(Me,Fe)s(Al Fe)(310)s fn Reed 


‘Tron Micas. Contain ferric iron in large amount. 
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‘The:species of the Mica Gnour erystallize in the monoclinis «ystem, but 
with a close approximation to either rhombohedral or erthorhombie symmetry 
the plane angles of the base are in all ees 60" or 120". They aro all carace 
terized by highly perfect hasal cleavage, yielding very thin, tough, and mare 
lo eta laminn. |The negative eer Xs very tay tomato the 
basal plane, varying at most but y few deyress from this; henee a cleavage 

Pn pee per aioe es Sige etre 
Finds ig often uniaxial or nearly uniaxial, Of the species named above, 
biotite has usually » very small axial angle, and is often sensibly uniaxial? 
the axial anglo of phlogopite is also small, usually 10° to IS"; for muscovite, 

ite, lepidolile the angle is large, in air eorsimonly fron; 0° to 10, 

Pie Mlous may be reertod to the same fendarental stat aso eth on 
angle of obliquity differing but litte from 90°; they show to a considerable 
‘extent, the same forms, and their isomorphism is further indioated. by. their 
not infrequent intercrystallization in parallel position, aa biotite with musco- 
vite, mridalive with muscovite, ete, 

A blow with s somewhat dull-pointed instrument on # cleavage plate of 
‘mica develops in all the species a six-rayed percussion-fiure (Fig, O84, also 

Fig. 517, p. 211), two fines of which are neatly 
to the prisinatic edges; the third, which ls the most 
strongly charactorzed, i paral (o tho clinopinaeid 
cor plane of symmetry” ‘Tho micas are often divided 
into two elasses, according to the position of the plane 
of the optic axes. In the first class belong those kinds 
for which the optic axial plane is normal to b(010), 
the plane of symmetry (Fix. 984); in the second clase 
the il plate s parallel the plane of emmnety. 
‘The percassion figure serves to fix the erystallographic. 
orientation when erystalline faces ire wanting, A 
second series of lites at right angles to these mentioned 
zaay be more or less distinotly developed by pressure of a Gull point on an elne- 
tic surface, forming the so-talled preseurecfipure; this is sometimes six-rayed, 
more often shows three branches only, and sometimes only two are developed, 
In Fig. 984 the position of the prossur-figure is indicated by the broken Lines, 
‘These lines nre connected with plding-planes Inclined nonce 87° to the plano 
of cleavage (see beyond). 

‘The micas of the frst class include: Museovite, paragonite, lepidotitey leo 
some rare varieties of biotite culled anomite, 

‘The second clast embraces: Zinnwaldite and most biotite, including lope 
domelane and phlogopite. 

Sufficient work tas been done in the X-ray examination of thy miens to 
Indicate the essentials of the atomic structure. The silicon atoms lie in the 
center of s tetrahedral arrangement of oxygen atom ual tse teteahedeal 
groups. are linked together to form sheets in the temic structure thot le 

othe tng dn explain the ea lea, “The S¢ feunbodrn 

fire grouped together in a hexagonal-iike ring which apparently nesounts for 
{he commen prond-hexayonal character of the mica erysala.” Such a 81-0 
sheet would hive SOs for its compesition. ‘This is the case in the related 
‘minerals tale and pyrophyllite. Tn the micas, however, onefourth of the 
groups contains n aluminum atom’ instead of silicon, and in the 

so-ealled brittle micas one-half of tho ailican atams have been replaced by 


SILICATES 659 
aluminum. On the basis of these observations, Pauling writes the following 


formulas: 
Margunte  (OHhOmAL(ALSO») 


Chemically considered, the micas are silicates, and in most eases orthoslli- 
cates, of aluminum with’ potassium and hydrogen, also often magnesium, 
ferrous iron, and in eertain eases ferric iron, sodium, lithium (rarely rabicimm 
and casi); further, rarely barium, manganese, chromium. Fluorine is 
Prominent in’ some species, and titanium is also sometimes present. Other 
elements (boron, ete.) may’ be present in traces. All micas yield water upon, 


ignition in consequence of the (or hydroxy!) which they contain. 
procise formulae to be given the different species and their isomorphous 
relations with each other, alt they have been the subject of much study, 


must still be considered s uncertain, 

MUSCOVITE, Common Moa. Fotath Mien. 

Monoclinie. Axes a sb :¢ = 067785 : 1; 39128; 6 = 89° 34. 

‘Twins common according to the mica-law: tw. pl. a plane in the xone 
eM OL A 221 normal to (001), the often united by c. Crystals 
thombie or hexagonal in outline’ with plane angles of 60° or 120°, Habit 
fabula, pising into tapering form with planes more or lee rough and 
strongly striated horizontally; vielnal forms common, Folia often very sxnall 
‘and agureguted in stellate, plumose, or globular forms; or in seales, and scaly 
mussive; also eryptocrystalling and compact massive. For structure, see 


Cleavage: basal, eminent. Also planes of secondary cleavage as shown in 
the pereussion-figure (see pp. 658 and 211); natural plates hence often yield 


nn z 
rr : 
narrow strips or thin fbers|| ( w | 
fase by nad Teen distinct 


directions inclined 60° to 
this. Thin lamin flexible and elastic when bent, very tough, harsh to the 
touch, pasting (nto kinds which are less elastic and havo a. more of less une 
tuous'or talo-lke feel. Etching-figures on ¢(001), monoclinio in symmetry 
a eee 212), 


nsparent to trans 


Pleochroism usually feeble; distinet in somo deep-colored varieties (see 
beyond), Absorption in the direction normal to the cleavage plane (vibra 
tions || ¥,Z) strong, much moro #0 than transversely (vibrations |X); henoe 
w crystal unlese thin is nearly or quite opaque in the first direction thou 
‘translacent through the prism. Optically —, Ax. pl. 1 6(010) and 
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4 (001), X inclined about —1° (behind) to a normal to (001). Dispar- 
rae ae av variable, usually about 40°, but ing in kinds 
(phensite) relatively high in siliea. a = 1552, f= 1882 y= 
indices varinble, increasing with the amount of iron present, 


fat. —1, Ordinary Mucor, decried, often tela | (001, 
so taping wi vera! face rough and aed Phe (ste eft ru lo 2 
{eelpe fy "aarn, "Mere common pn thot tie gun. eer te 
re tae ae lente tn aoemal misc the th an opt 
Er eerens [Fa plaints 


tsealy muscovite tni 
‘name from eqeui, alky). It isa low temperatire mink 


In Brows reper is ily nes thence te 


Comp. —For the most part an orthosilicste of aluminum and potas- 
sium (H,K)AISiO.. If, as in the common kinds, H : K = 2: 1, this becomes: 
HAKAl(Bi0), = 2H.0-K,0.3Al,0;.68i0- = Silica 45-2, alumina 35°5, potash 

118, water 45 = 100, 


Sorpe bods mount of lls (47 to 49 percent) than cormepond to 
etait, Sud hey bv ben, Lig 


ve a paca Ste re tte. 
SERS tt at 
Si eh 


@cehea oF Yalow plas. With fous eva rections fr iron and omatie 


ticlge stem 
Panties in sara tn rom all but the neces of this dvison by the 
pers inl cn a art tl clr par en ost ey 

Sn ecard Satie din Hnowe of poole an ell moe ta Une 
fe bth mine wl the elit 


‘Mire, in thin acetone recognized the pare cle 
shorn le an, a 180 ae Wentloar e000 toe 
a oes trie ‘tig hence inttercteranaee rit es 


{ie effect of the alpha rays given off by the 
‘Obs, — Muscovite ty the mast common of the micas, Tian eign! contrat of 
the more erystafie rocks that ary righ i pot su sina, being het eumnmonly found 


from whieh the mien or “isinglass" of eotninerce is obtained. It is then often 

‘wilh orystalined orthnclaa, qrxrte,albite; also ‘garnet, beryl, colum- 
Rite, aad other mineral ‘characterise of granitic veins. Coarse 

{took often form the matrix of topas, tourmaline, 


topes, oe 
“Movie regu of iain, belog derived from the alteration of other 
specie, Manmourts, fda (oncosne), ete; ef ein piaite, beyond 

f A ae meats na cynsolie; Saried fro 


SE a etghng opi 100 pa ota enckng quarts, agnor 
‘Sane oar, weighing tp to a en anette 
sal usta ot * braezsciud ni foued Fall near alttare, the plate sbowing by en 

light series of differently colored concent To Virginia at Amelin 
Court Hoar, 5. inwesters North Tusoovite haa bom extoaivey med 
GP Mlubell Yancey: Jackeon, nad Macon countlen.” Expecaly fine wpecman come from 


eae 
ae NG Prom Habersham Co, Georgi. Te crystals fmm Tenor 
{eu CG Bick Hi South Dakota Holo soviet found ne Ton "Tate Coy 
er eset is tial fom Vitrum Musoneticun or Musconglany, formerly « popular 


fax on non-nlenrable tan 

hag ‘a8 @ non-conductor of heat 

‘nunber of alteratlon-produrta expecially 
emia 


SERRE 
a ee aa eae emi 
Sa re are re, er tort even eae 
Pip ep lmnop tobe mere pot 
At ‘still another stestite (see t Law 
ite. — A ium corresponding to muncovite in compositing; 
Pp ager 
ees ee ome haa 


Prom bear Prigratien in the 
From the Lalacd the 
(Ound at vatious points in Piedmont, aly. Haller, considera to be u Utbium-bearing 
lt, i fousd at Mesotes, near Autun fa Sadnet-Loira, France. 
PSknostcere, suppor to bean ion mise related to sonore, a mixtire of 
Themnatite With say. In small alos with a copper-red color: From hear ie 
tori Ca, Nora Siti hols 
“—Fesentially muscovite in which partly 
sluimare, Ta mint selma sicaceounntmture an ae ay 


‘Colve elove-brown to greenial’ ‘Optically. Ax pl. (010). X nearly 1 (001). 
Feces aa ae Ore” arene ree aie 
Colorado, and at ‘Ralgoodlie, ‘Western Australia, 


In aggregates of short often with rounded terminal faces. 
tals sometimes twins or trillings according to the mica law. Also in cleat 
Plates, but commonly massive Pe aly aeseley ‘coarse or fine, 
banal, Mghly eminent, Ho — 25-4, G. = 28-32, Luster 
peasy, et Cake torte lat ray elas srayish we, white. 
rransiucent, Optically —. righ vunually’ 1 els A (001). 
KGa angle varie toda" a 1500. B= LOSS. 7 TBS. 
Comp. — Chiefly (OH,F,KLALSIOn. 
‘To account for varistions from the nbove formula other isarorphous 


molec ba 
Snood by Wohel as (owe? lnetoli, HkatAteacOer Poyitisame ie, 
AG: ities aoonoee Genie eee a 
ite i thou tobe intermediate mediate betwee ills nd iiiodle 
se Ce eer ae 1., fuses with 
inuupenere x35 to mwa of pra chet src tage colring the fase 


‘the meme of fasion ‘With the fuses ome viene reactlons 
Kelowna "Adtrked but uot completely Sonomponed by eat "Ate tao, 


‘aia with yee si 
‘avec character of grant page veins were it ten cure sa 
ciated wih th har oul nl ite, plume ete. Sometimes rw 


nd fe Url Mas at Abascha near Musaeks Mac oh viet fom Ran 
near Newttadt! in Moravia of Csechosovaki. In Saxony at Ponig and neasby in Torge 
isis “rom he lated oF Tapa toni the ua of 
Madsen ot aust of n ential row color Important eatin ae 
‘stort oth af Hetale, Ampangabe beat Minniatvo, Mabectes co Mt Be 

A lied State or Inthe pain rather Mate oth rae 
sd en Ul ait oe od ne i fk Gain apie 


from Auburn, Androscoggin’ Co,, und in Oxford 
oun Hebren, ick, Fase tn Comoectont fro Stvatioes Coat Heeky Meek 
Fe cameo 1a Cl om i he ema pma 


pink tourmaline, of which it to be ai alteration Occurs with tourmaline 
‘au tepidolite in ft Co, Slt at ron 
Soanestcat i Milos Go at Haddam Neck 

‘isnwaldite = An fr-ibn nen 


‘nlteral cccursing 

the camiterite: ‘pegmatite; so in ad in the Erageirge of 
Stxony at Zomowald, Altenbrg,€e-yn connection with tin veinr, similar in Cornwall, st 
"From Naver, Groealand, "York dntict 


98 repute em lated ible mice frm te pie of Rockport on Cape Ant, Raver 

Co, Medel, with cunelig ued caste. Pupchonta'a slhon sen toh ee 

foe, Jn the Jollanebaab date, Greenland. | fri in alkali miea containing: 
A basio trpalicatn of ith 


? 
crunta of hexagonal plates. Perfect hnsal cleavage. G. = 280. ‘hasbeen re 
flame. Color white. peuly. Optically +, 2 1 to cleavage 3 = 0. 

foe mala vable Food i pega atAniandrokomhy, te $4 Biky on the 
Manundons River, Madagascar, 


‘BIOTITE. 


Monoclinic; peudoshombohedral, Axera : ;¢— 067705 :1 :32748; 
= 90", 

Habit tabular or short prismatic; the pyramidal faces often repented fn 
oscillatory combination, Crystals often apparently rhom! in’ «ym 
metry sinee r(101) and 2(132), 2“(182), which are inclined to o(01) at sen- 
sibly the same angle, often occur together; further, the zones to which these 
faces belong are inclined 120° to each other, henee the he nal outline of 
basal sections. Twins, aceording to the miea law, tw. pl. a plane in the pris 
mutic zone 1 (001). Often in disseminated scales, sometimes in mussive 

of cleavable seales. 
MIAMI eg 
‘Bi, 231 4 Bt 50° a8, 
ost 988 oo 


—— 
[ae a & ea aes 


Gleavage: basal, highly perfect;_planes of separation shown in the percus- 

sion-figure; alo giidingeplanes ‘p(205), £(135) shown in the pressure-figure 

inalined about 68° to e(001) and. pseudo-erystalline forme (Fig. 515, 

p, 210), H= 25-3 G.= 27-31 splendent, and moro or less 

surface, and sometimes eubstalic when black: Inter 

jooth and shining. Colors usually geeen to black, 

often deep black in thick erystaly and sometimes even in thin lamina, 

are very thin; sueh thin lamin green, blood-red, or brown, 

by tranamitted light; also pale yellow to dark brown; rarely white, Streak 
uncolored. Transparent. 10 opamio, 

‘Pleochroiam strong; Y = Z= dark brown, reddish brown, green; X = 


ii 
f 
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col 


: D - 
normal to (001), but inclined about half » dogre, sometimes to the front, 
reverse. Indies varying with composition, «= 1'58-1-62 


also tip to 50°. ‘high, y — a = 0-04 to 0-06, 
Comp. — Easentially Hake PALS. 


Kurt coualdees that biotite a componed of various mixture of the 
AUSiOy, and th, peat ee a le eee 


"4 
Ale lite HaKeFesALSi, 
vast” “tele ng idl tat lass by Ts 


thin edges. 
= cuehtoaeiiice, Gat 


I 


| i ten yn 


‘einen large shew 
npn ng uri ding isle, Henry lu st posal 


vumually com form; dark green to bluck. In Trentino at Monson, Val di Fs 
Frome fora gee "is Rhtoeland at Lascher Soe. In Norway ab Arendal 
Yn the United States ordinary biotite fe common in mueiss, otc., but notable local~ 
‘tier of datoct crystals are not cumeroen. Tt occurs thee o owe prom 
{ent coomtituent of the permite vei of Maing, New Hamyshic, ‘Con 
Bera Scare i Noy Yoky at Rea rd ore i Or Co, 
re Ce Ble Rak nin Hl Paso Coy Csi, whee ae rarey ropa 


Tite eas obtained. 
(Canwacizre. An altered biotite from Pranklin, Sumex Co,, Now Jersey. 


PHLOGOPITE. 


Monoclinic, In form und angles near biotite. Crystals prismatic, taper- 
ing; often large and cosrse; in scales and plates. 

‘Cleavage: basal, highly eminent. Thin Iaming tough and elastio. | H. = 
25-3. G. = 278-285. Luster , often submetallic on cleavage sur 
face, Color yellowish brown to brownish red, with often something of & 

like reflection; also pale brownish yellow, freen, white, 
ly 


ish , X yellow. Absorption Z> Y > X. Optically —. Ax. pl. ll 
Hai hedtiy 1 o(G01), "Asal angle seal bot variable even inthe ame 
specimen, from 0° to 50°. 

‘ineresee with the smount of iron, Indices variable, from 1°541-1° 


‘The asterism of when a camdle-fisme is viowed through » thin sheet, is 
cornet pitts prtoust In the kinds trgarsartern New rk And 
Seas ae To ie reigns, profes oack > 
oo a a he rete, profi & Sct 

Yrreunioe igure, ving secondary ately 


Comp.— A mugnesitum mics, nesr biotite, but containing little irom; 
potassium is prominent as in all the tuieas, and in most eases fluorine. Typk 
tal phlogopite ie HKMp.AI(SiOs, Seo further under biotite, p. 6641. 


Obs. —Phlogopite ie expecially eburacterltic of eryatalline limestone of dolomite sud 
4s also found in merpentine. Tels product of both ‘nd contact mstasporpblar 
i roflen umsociated with pyroxene, amphibole, serpentine, ete. 1 more rarely ora ms 
‘a constituent of iqneour reeks, being vecaaiunally found in those that are rich fn maguésia, 
Sod poor ts fron. Prominont Tovalitien are as follows: Alinostcoloelem from Résbaty tx 
Hunmnia; io dolomite from Campolango near St. Gotthard, ‘Ticino, Saitzeland; 
1 Yalta Trentino, sly; in erysaline lzestone with dopa sid p= 
te at Pargas southeast of Abo in Turun ja Porin, Finland; from Aker in Sodermaniand, 
nd of Ceylon. Phiogopite bs common in the exystalline Iiznestones 


AY aimee ge he Le git 9 
cloree, . large eryatala: Haninond, and 
Seserana titer nc Gabor wad Vromnan' et Orang Cox 

Now ys Prk, Rare li. hk onion ie th sah 
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‘Fuable, From Narsarvuk, southern Greenland and in the Hibina-Toundra dis- 


tie ‘peninsula, oorthern Russia: 
‘Tepietelae Neer butt charmcterised by the 
ent 


nigh rou Perfect, bul clevagn ole foucvlal dates Ee aea eee 
ola 


sepeta tac 

cr au at ere 
ferete ey ae 

ext near Halton Marya ‘Anite ooviurs in the Cape Anu granite, Essex Go,, Maa 
‘at 


stig Co. large ryt Parad toa, ao at Dane 
tonon in sodlte and nt Marmtora ju trampyeitc why 


"hi A petaalur-muagrea mise eit wall amounia of rapgansee; 
GD SigO aU ISO. Car ren 100. Fron Se Mare Pe 
tout ialy. “Mariposa tear, f= 

2. Clintonite Group. Monoclinic 


‘Tho minorals here included aro wometimes called the Brittle Micas. "They 
fo ner the mena in leavagyerytalne form and optial property but are 


marked physically by the brittleness of the laminw, and chemically by thelr 
‘basic character, 
In several respects they form transition from the micas to the 


chlorites. Margarite, or ealciuin mica, is» basio silieate of aluminum and 
calcium, while Chloritoid isa busie silicate of aluminum and ferrous tron 
(vith magnesium), like the ehforites. 


MARGARITE, 


Monodlinie. Rarely in distinot, crystals, Unually in interseoting oF 
ted lumina; sometimes massive, with « scaly structure, 

Cleavage: bean, perfect, Lamings rather bette, He =35-4:5, G. = 
2:99-3:08. Luster of base of Interal faces vitreous, Color grayish, 
reddish white, pink, yellowish. lucent, subtranslicont, 

Optically =. Ax. pL BCO1D). Xa imately 1 ¢(001), but vary- 
ing more widely than the ordinary mica, np Su BV OOO, 
= 1032, f = 1-648, 7 = 1-645, 
£5 OR — BACAR = Silien 302, alumina 51, lime 140, water 


A-vuriety with moat of the Hine replaed by sda Uy eallod sda-marparte or ephesie 
prom je fe ‘Rela Minor, nad i the Poctmasbung dries Seth Aen. Lange 
fro stove ‘e 


Ay 
‘Pentayh Ie eee 
"ult aperterty oa eh Ba le i 
he Asmaclated commonly r 


niines on the 
iver ext of Fiterature Oscue dt the sone aa amo 
G Boek est of Eats in Ata Minor" Sivtleey ae tiem a aa 
‘Sern ee nth Greta arehptngs.Cnen i inion Mi Cee She 
See sir ely 


867 
teeta cra rca ety at Merete San Dear Co 
3 ‘the 
Baste rare in fine laminated crystals at mine wen 
from parrapire, poort. 


SEYBERTITE. Clintontte Brandisite. 
Monoclinl near biotite in. form. Also foliated massive; sometimes 


lamellar radinte. 

‘Cleavage: basal, perfect. Stmeture fotisted, micaccous. Lamins brittle, 
erste and: procure figures, Wi mia bt revered ao 
Fe oe ieee oe a Color reddish, brown, 

‘Streak uncolored, or slightly 


i rather feeble. I. ooh 
YOO) brandiite. |X nearly 1 (000). “Axial angles variable, but not large, 
a= 16, B= vier bial 


Var.—J. Tbe Amit Yeas Risamh lang gee bea 
sted tape Ihe rae fee lisa with etn! Co 


rg on gr te ud Pm Try an pr of 
iat SSE TSO ‘Base of ml eae sol after fanaa, Ca 
Comp. — In part, Hy(Mg,Ca) ALSO» = 3H,0.10(Mg,Cs)0.5AL,0,48i0). 
Pyr., ete. — Yields water, B.B. infusible but whitens. In powder acted on by con- 

=the, 
Amity, in the town of Warwick, Orange Co, New York, in 


ete with ceyeninar Te has tn been repurted from Ziatous, Ural Mex, ain 
‘ee ara 2 ealaieniagrianaagre besa 


as 
Sea a a 
taka ee ing ea rat Fas 


Gretmore, Riveide Coy, Catforaa. 
ery “ls Gite) a” = 3 ier tral on ena i 
Calor leeks to bottler. 5 i 


in the idsteiek bn the mouthera 
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ism strong: Z yellow green, ¥ indigo-blue, X olive-green. 
tieally +. Ax. pl. nearly |/6(010), @ inlined shout 1% os more to the we 
mal to c(001), Dispersion p > v, large, also horizontal, 2V = 38° to 60°. 
B8=172 Birefringence low, y — a = 0-007-0016. 
Comp. — For chlontoid Hy(FeMg)ALSiO;. If iron alone is 


it, 
this requires: Silica 23°8, alumins 40°5, iron protaxide 28:5, water 72 = 100. 


green color, Manganceo replaces the ferrous iron in a few eases,” Galen 
snd alkalies — characteristic of al the tuo tia — are eoupiououdy akece 


othe natn ers fe oy ‘Tachermak divided the lorie mise 


SILICATES: 


of these molecules forrous iron may replace magnesium, and in: the Intter 
ferio iron (or chromium) may replace aluminum, "On this basi the folowing 
classification of the orthochlorites has been made. 

Penninite = HM, > HiMgALSiOy 

Clinochlore = Paar rated 

Prochlarite = HyMg,SiO, < HiMgsAlSiOy 


orthoehlorites, and are in ‘negative and almost uniaxial in 
character. ‘They commonly occur as sealy, dense, or earthy aggregates in 


‘The only ditinelly rytailined epecies of the Chorite Group are ling 
cchlore and penninite, i 
former is monoclinic in form and habit, the latter is pecudlo-zhombohedral 


pphilite also occur in distinct cleavage masses. 
‘Besides the species named there are other kinds less distinot in form, oceur- 


Sicaioe uch ta Git iphibole; also 
silicates, such ns biotite, pyroxene, amphibole; also garnet, vesuvinnite, 
etc. ‘They iure often accompanied by other secondary minerals, us ser- 
entine, limonite, calcite, ete., especially in the altered forms of basic rocks. 
‘The rock-making chlorites are recognived in thin sections by their charno- 
teristic appearance in thin leaves, seales or fibers, sometimes aggrogated into 
spheres; by tir greet color, peoeholn,etinotion parallel to the 
-vage (utlike chloritald and ottrelite); low relief and extremely low inter 
Ference-colors, which frequently exhibit the  ultra-blue.” By this latter char- 
acter they are readily distinguished from, the micas, which they_ strongly 
resemble and with which they nre frequently associated, 


PENNINITE, Pennine 
Apparently rhombohedral in form but strictly pseudo-rhombobedral and 
monoeiinic, 


i 

Habit rhombohedral: sometimes thick tabular with (001) prominent, 
again steep thomboboeral; also in tapering six-sided pyramids. Rhombo- 
hedral faces often horizontally striated. 
‘Twinn (1) pein Zou with ty. pl 
(001), contact-twing also united by 
(001); hore corresponding faces differ 
180° in position; (2) mica law, tw. pl. 
‘Le(Oo1)inthe rone OL A112) Cry 
piteemea ate eer 

ive, 0 of an ion 

ssealos; also cor 


Chae ROOT) Teghis’ perfect; Laming flexible. Peraussion-figure 
Geil cweanice Suro ad wilh elinochlace but ls ony to obtain; not elastic. 
W225. G.— 26-235, Luster of cleavagesurface pearly; of lateral 


ti Penninite, a first named, included a green crystallised chlorite from the 

cdmnmuererite, — fe Hix-sided ids, ow 
Pee cept tmep Mh eta’ Ue i 

aie si a 

ae SP eee em, oe 


Pilea pte the sane us for clinochlore, Hy(Mg,Fe)AbSiOv. 


ote. — Tn the cloed tube yields water. B.B, exfolintes somewbat ancl is dificult! 

ell ig em i aaron i et 
lecompomel by hytrochlone and completely by wpb acid, 

‘icro,—tn thin pcloan shows pe gree color ad plooheca) untlly nenly 
‘Obs, —'To be found in eblorite schist and other crystalline nehiats, Oceure in, Valale, 
‘Switzerland, with verpentine in the region of Zermatt; the cryntals ure eoretitnes 2 inches 
nnd 1} tnehes tek; also from dha fnental."Froasthe filertal the. Auwiran Tyrol 
nod in the Pitachtal ia Trentino, Italy, nod in, the green schiaa that ie between the to 
ocalition. From the Ala valley in Piedmont with elinochlore, In the United States from 


‘ous points in North Carolina.” Peeislophite coins trot Wervisteln is StyFlay Austin, 
CLINOCHLORE. Hipidolite in part 
Monoclinic, Axee a:b :¢ = 087785 : 122772; a — 89° 40’. 
Crystals usually hexagonal in form, ciften tabular’ ¢(001), Plane angles 
of the basal section = 60° or 120°, und since closely similar angles are found in 


the zones which nre separated by'60°, the aymmetry approximates to that of 
the rhombohedral «ystem. as 


‘Pfitech: 
‘Twins: As with penninite, see Figs, 091, 002. Massive, course 
5 ao oe et ea ie er 
last. Bereuason- and pressre-figure orientated ns withthe raion (p S08, 
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H.=2-25, G,= 265-278. Luster of cleavagetace somewhat, pearly. 
Color deep ta olive-green; pale to yellowish and white; 
also rose-red. Streak greenish white to uncolored. ‘Transparent to trans 
lucent. Pleochroism not strong, for green varieties sally X green, Z yel~ 
low. Optically +. Ax. pl. 0(010). Z inclined somewhat to the normal 
to c(001), forward, 2° to 7°, Dispersion p<, Axial 
anglea variable, even in the same crystal, 0° to 00°; 
rormetines sensibly uniaxial, Birefringence low. 6 = 


nto Bui gree 

tects tt 
alone Contain yaanlly litle ot no fron. Color 

white, ple green, yllowieh often Fesombn tale, Prom near 

to wn se rat ita” 

Cotinarbombabedal in abit. “Golorronered. Prom the wot Achmatovne 


faarigernsferns. jt, A chlorite from the Harvtig mine at Pajsberg, 
‘Vermand, Soreden, a pculie ty con Mino. 
ied ie ethan Varia to Shaiian Coy, Wyong. 

Comp. — Normally HyMgsALSiOre = 41,0.5Mg0.Al0;38i0, = Silica 
825, alumina 18:4, it 36:1, water 13:0 = 100, Ferrous iron usually 
replicee uml part of the magnede andthe sane ntrue of mangnnowo rarely; 
somotimes chromium replaces the aluminum. See further on p. 669, 

Pyr., etc. — Yields water, B.B. in the platinum forceps whitena and furse with diffi- 
(ky theca to's prayiah lack miae ‘With borax, « cloar glam colored by iron, aud 


‘Mero, — It thin. seetions charaaterbed by pala green color and pleochroian; dis 


Leuchtenberyie conien 

By nary ad pariy ute al exe alt the rota ae op 
1 Sillar material oocure 

Ttaly. The white chlorite from Mauléon, Hasses-Pyrénées, France, belong 

Us rare of cngeow ace af Amity, Oran Go, New York. Ke 


Comp. — Lower in silicon than and with ferrous iron ua 
ally, but not always, in large amount. Seo further on p. 669. 


(Obs. = Tho occurrence uf prochlorte i emily to other ehlogite minerals; tn chlorite 


sci alle eager ka in mete au sin of rie, q 
{hremelleratsounca with crtain ore vena. "At toc aa peeadomnorphe slvr ee, ors 


te 
+2, CuNee f= Fest yee 


‘Amesite. —H ae ‘Monoclinic. 


bling the in = 277, 
oo ae ree Shey ir em acess 
Hampien Co., Macanchurette 


foliated, rego 


roan finn sealy 10 


“ak e) tn e 
Monavie. i ROuAWlew. Fatt, epi aly and eral Torn ith 
rl at ron mine Solatacan oar Stauber, feat caine pega: 


No demateiie = 4ic0 80,590, 4110, 


Exegl alo i deer 
‘Soy sala 
“ Soa in near Lettie aod at Wheel aoe 
3 Fe)O,0810, 91,0, Monortinie, Massive; an. len 
‘Thevingit. — SF 90. 4A Fei, 08059110. lise, Mamie; an waregaton ot 


Duly” coleloae Optical ‘eral. p= TOTS te 
Spat stoarmtonae phe waka buroenly Sexamsl by Gta eee Mae 


Co,, West VE ( Ti forms te matrix enclosing garnet crystals that have beer 

tide alae Spee ot on, ican. From Se, a 

land Co, Arkanmas. Stpnochlran ia nama = ‘prog. 

from Goblacha, near Sterabery; Moravia, a . 

“Chamoaite. — 15(F6 Sfg)0.94L0;11510» 168.0,“ Oseur ‘or odie with 

spots SSE Sie ee al, ate ncn; Samat foe 
= se, In Switaeriand o 

See i et I tenteline af Chamotea ta tbe bee valley, Valais alo 


wie Pro 
CoE MEO AMOS TSOLIHD. Eg Indices Vae-1a, Seong iretn- 
fee Pinive eben sca in erento at Ean the Paves 


alee 
ME aD IBSOLTIED, Shows to have a varable water 
a ST er fie thane Ong 

Fustbie to mnguetic eng, Pooh, = male 


Sn ca Nie a Bam frm Cabvonge Pas 6 
In folited platen ea Sony, an ven cont 
a 


Grice FOO). ae 
found with, tron ores, 
"mith calcite. Oo- 


in Hower 
Se Tk Verband; les ot Braue pene 
“a ited Senten he viet 


pone by by ‘acid. From Minguet magnetite 
‘A'tica containing ferrous and ferric iron, found in the granite of the 


Brigrate, Hirer ALFehehOy. Te tions of exinute hexxgonal ce crystals. 
ae : ong. of alate 
Colordark geen. Opl Ny ual oe 


: RL (ODI). Tadigen, POR LT. OCH 
ome Se ae a Foe he rim. 
(Nou KahMgyPeb(Fo,Al)(SiOn, nm I 
OT ee ia = bh Color aabarmy- Fusible. 


scalea and peodlet Micnieous clauvage. H. = & |G. = 24 


Sir adeno chlor fou re teen Moravia and Benita 
ihe dG. = tah tite chlorite tron oe betwee 
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DESCRIPTIVE MINERALOGY 
APPENDIX TO THE MICA DIVISION —VERMICULITES, 


of mlcaceots minerale, all hycirated sill 
ely tn 
nt vaying sooreia wiely in orp 


IIL. Serpentine and Tale Division 


‘The leading epecies ‘hore, Serpentine and Tale, re closely related 
to the Chlorite Group of fea’ Division preceding, as noted beyond. 
Some other magnesium silicates, in part amorphous, are included with them. 

SERPENTINE, 

Monoclinic, In distinet erystals, but only as pseudomorphs. Sometimes 
foliated, folia rarely separable; alan’delieately brous, the fibers often easily 
separable, and either floxible or brittle. Usually massive, but microscopically 
finely fibrous and felted, also fine granular to impalpable or eryp' i 
slaty. Crystalline in structure but often by compensation nearly isotropic; 
‘amorphous. 


X-rny sanalysia of eb tile shows that it le composed of trndles of fibers, but 
aceon aes ra ee rae et 
Peer rs ea ee 
eS ia the unl all. Eat alec, aor urate by fut osypn sto a 
Peele eg er lps pet ces A 


con Stas 
{iea‘axis, The chalos azn azailar to those of the enphiele wi On 
Se ales eae eee cere oncrmn 
‘Tm arsanglment af tie Sig nod OH prope wort bat is Breit, 


Cleavage 6(010), sometimes distinct; also prismatic (50°) in chrysotile. 
Fracture usually: conehoidal or splintery. Feel smooth, sometimes greasy 
Hm 25-4 randy 55. G.— 250-205; some fibro earition $2 2h 
relinalite, 230-2 cr subresinous to greasy, pearly, earthy; resin-like, 
for wax-ike; usually feeble. Color Jokegroen, blackish gréen; of and akin’ 
fens bronnish ed, browaish yellow; Bove bright sometimes nay white 

a exposure, often Ueeoming yellowish gray. Streak white, slightly shining, 
‘Translucent to opaque, 

Plaochroism feeble. Optically —, perhaps also -+ in chrysotile, Double 
refraction weak. Ax pl. || a(100). X 1 (010) the cleavage surface; 
Zjeloogationof fibers. "2V— 20° 1990". Indices variable, from 1490-1571. 
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var. — pecs have en mand at epi iri re 
wa tee hse os actos i esr, 
oy scpeine 
i penis mel es ee Saar 
pity ose Beate ie ‘nore or fest 

10 serpent 


1 Precious or Noble Serpentine is of « zich oll- 


“scifi aaen “The former has» hayiness of 
Intter elten of 4 or beyond, oviog. 
cies rae Vioney plow tight ollgreen, sy! or resi 


nuh roe 


Sender Ee toa Sete pee 
: em Neaela stout ae 
IES yarety thn fn pron clr frm Grant Co, New Mexia. 
Teepe, lr ery eprint i 
pervs ey rated i, feel why tu any 
fr ilesferench Sgr ih X porroal 9 ceavage. From Autigoro valley, 


De Tian Poxtarn, Marmilie, thin (ollated; the laminw brittle but 
eit com hk arte tnnarigon Free Cobo 


ao ta aly hn 
a at iy 
epee eee 

pa tage pty Se eh 


(exible, and often not easily separable, or only affording. 
Saplintery fracture; ‘olor dark green to roountaiz-green, 
Fa een, fi mpgaal wa fom Tule, Stein 


dice esas. Balimorte i plcrlte om Bary 
ttn he mepentine ec ne 

Me i tke ery 
asregntes 


plutei epee ante fn, sobecea 


Escape oc cee meen 
ei a ro el inal groomsmen ve a ae ig ott 


‘from pyroxene 


Goan hein ria chron; how spi 


cominonly shows 
Tings Hence the 


‘ane | 
. Fig. 998, , 6, ¢ (Pireean). 


Diff. — Characterised by soft nbsence of cleavage and feeble waxy or oily luster; 
Prsbese Pally Rh EAL Seca ys gromih er a 
See Cet Rei res 
i rtiepe Risers Meh er oe ot 
Se thiviemc tie arn racers oe eat 


{ninerals like chryeolie, pyrosene, hornblende, ex. talon charncteratic. The pecs 
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shia of aaa ea nace tthe 
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deviate nr guns reciente gma 
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other food oy orien; ga Rnphibolltes or otber similar rod) 

mn ne mms hel ey te cd ee 


‘rounnerite, ete, ects 
Saal though rely i maten of great ala Ta the metamorphic rookatt commen? 


‘Seepratine Iso comin misiral sul wo widenprod in is cecurence that only ite meat 
inapariat ai tect oealtee canbe mentent bare’ ty Secensr ee ana et 
‘ialetal com from Zale; and the variety mane from Shes ie es 
Heichenatin piculte and chrywtle. "A vary coutainiog mri tema the leet 

Avge ie calle nema "in tly paiement oe te 

anh, ‘Trentinos the variety anfigrie waa Coes iene 

‘Paso, fe Scand tows tp of scp tr fond bat agit, YN 
Ite ror in Bekara Norway. "Fie sores eo he eee 


the 
the United States fine st Newburyport, Uasex (o,, Mananehusetts, “In Rhode tac 
tymenite at Smithfield, Providence Co. “In New Yor from the Tilly Feros oti ee 
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tan in Benue Co, eto; {a Otiare Co. at ‘The nsbestos often forms seams wee 
1 OF ns allude to the 
Sp soem eres oe, La eben, to the green eerpentlike cloud~ 


me 
in magnesia (or bittererde) ty Ceasen, 
aaa a aooount of the exfoliation when host: Chrgotl fro pee 
Ae eo te Ges fics ik) Maral ro ons, 


HAS one Heat i tho Srstal in Stress Auntrin, ncladig the bright rc variety ealled 
lege Wh mre ore hl Fame, Tren in gran hoe 


al 
S810:4HL0. In ‘sheavee 


‘Enerul Hs. Gon BET, Found 
it's snail mau in serpentine hear Umvukwe Geodetic Station, Umvulwe Mex, soutbern 


cryploorystalline, 

perfect. Sectile, Flexible in thin lamine, but not 
‘a sixcrayed star, as with the micas, Feel greasy. 

1-28, Luster pearly on cleavage surface, Color 


ons DESCRIPTIVE MINERALOGY 
to white, or silt white; also and dari H 
Sete ere be ile on sires sheet aed and mead 


somotimes bright green to brown and 
feat translucent at Hight angles 10 ths dreetion; brownish to blackiat 
fae ben pre, Str uly white of da green rain 

iter thin the color. Subtransparent. to translucent, Optically” n 
te, Asp a(i00).” "1 c(000) Atal angle una yao: Tas 
approx; a= 1539, B= 1580, y= 1589. 


anil Cotes Searels te 


Massive, Steatite or granular, grayish green, brownish gray 
Grenadier cer ad acing nie 
Seales teen cone eal oak” tc ea SET 


rallewidte with » pears Taster.” Tura fale. “An impure slaty tle, harder than or 


Se ea ae 
veiae Sea ae Se eee 
called Iuciamite. 


—An_ ncid metasiliente of magnesium, H:Mg.(SiO;), or H.0. 
SMgO.48i0. = Silica 83°5, magnesia 31-7, water 48 = 100. One-half the 
water ia lost below dull red heat; the remninder goes off rapidly at about 
900° C. Nickel is sometimes present in small amount. 
‘Tale shows variations in om, especially in the water content. A part of the 
wear can be delve af by Hest int tp nthe crystalline or optical charac 
ti that tora of he water greet out th eryatal rte. =e 
‘in the closed tube 18.8. 


rete The By when otenely ule, retiree yell water 
{nth psig oregon existe, nv ae wih ony onthe iS eg ors 
Sinden aibeaat tis ah ection eta ee oe eee eS 


pearly hater: fis fonble But incall, Yidds 
i hnterr is eb but taal Viete 
be aso tate wm 


Ethan ite wo Fe sy Vala ‘Mts ext te ‘opto pear 
i tits cova rom Copter pent 
Funsle Bavaria. From near Head tn Cornwall with serpentine; ‘the Shet- 
Isao "Ya the rosaveal in tbe Barberton Ginsce aNe ein ee es 


‘Con, with green, blue, und rove color. Steatite oocurs in 
Carolina. To Canada. se 
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‘SEPIOLITE. Meerschanm. 
‘Compact, with a smooth feel, and fine earthy texture, or ely Micro 
eroscopitully is shown to be s inixture of fine fibrous insterisl and an smor- 
pats stance of apparently the same compotion, “The mixture forms the 
Yarioty mecrechaum. The fibrous mineral bas 
owen; he emorphous materia) has been ‘called. Bepialite. H. = 
D6 G22 Impressible by the finger nail. In dry masses floats on 
Water, Color grayish white, white, or with m faint yellowish or reddish 
tinge, bluish paquel Biaxlal, —. Indioes, 1°52-1'58. | 2V usual 
very small. x . 
“_ HiMaSisOy or 2H,0-2MgO.38i0; — Siliea 60'S, magnesis 27:1, 
water 12.1 = 100,” Some analyses show more water, which is probably to 


‘Obs. — Commonly found ss 8 ‘mineral in connection with tine also 
vCal fae a eae a a aa te 
or fal deposita near Eaki Shehr asorinted with magnesite. It is also found nt Thebes 


Mead known ne Pieere de son de Marve. Tt Spain at Vallecss 
Southoat of "Phund in the United Stns in Chester and Delaware oounties, Pent~ 
Tirana in New Mexico nets Saplla San Miguel Co, nd in Grant Co. 
“A bbtous mineral, having the composition of sepioits oxcure in, Ua, 
‘ron mers i German for sera, and alludes to its lthtoom end color 
eae Rehape MgSIO.H0, Massive, amorphous Hi. = 25. Fuse at 4. 
SET es, Wt 


Mononlinie or orthorhombic, Commonly massive, In neues o Flin 
il 5 ittle on drying. G. = 301390. 
yellowish, grayish geen, bia, rei Doos 
axial, —. X 4 toa cleavage; Z | elongxtion, 
iII-1:527, 2V' small (optical 
‘Camp. —A hydrous silieste of magnesium and aluminum; the mineral 
is sual amor ‘ous and impure. Material from Michigan gave: 9MgO. 
‘Als0s,108i05.15-1 


‘ities, 


: 
aad inthe Patel of Ontario, Canta. Also occurs on St. Gorge Tala off 


Sia i Pmnes fi ony mae 
sod ip oa ae : pianocidal 
5G atc Ci te Opal “ae BL 
I xis. Indices very variable, from 1008 to 1-765. Serves 
‘Occurs ta an allerstion product of chryplte at Cantelo Bay, Sifaterey Cot 
umber of jes in », etc. | Minerals identioal with or closely 
Fpeniting Seagate pout hopier yes as alteration: of atinopal ol the basalts of 
ers tr Orta See rbeer aie freien ores: 
Geladoalte. "A alicate i irene Teagan and ‘Ear or i mate 


io cARoe tai. smL0. 
mG. = 2408 Solow, Optically —. 1°00. ude 21 
1545," 2V small From Taberg In Vernlasd, Sedan, wih past, Sopdet 


1V. KAOLIN DIVISION 
‘KAOLIN MINERALS: KAOLINITE, NACRITE, DICKITE, 

Monoclinic; in thin rhombic, rhomboidal or hexagonal scales or plates 
with angles of 60° and 120°. Usually constituting a elay-like mass, elther 
compact, friable or mealy. z 

wvago: basal, perfect, Flexible, inelastic. H.=2-25. G. = 26- 

263... Laster of pla ly; of mass, pearly to dull earthy. Color white, 

grayish white, , oinatimes brownish, bluish or reddish, Sosles 
t to tranaleen ‘unctuous and plastic. 

study of minerals commonly included under the name of kaolin shows 

threo species wth diferent opel charters, ‘The eugeeie eparation Ie 

Anglesey, 


into nacrite (from near Freiberg, Saxony), dickite (from island 
‘Wales, and Red Mountain, near Ouray, Colorado), and kaolinite, Allaremono! 
dlinie.’ Optical axial piane, 1 (010) and nearly (100). Indices = 1-857— 
1661, 8 = 1562-1 pat a Ese aaee and dickile are nearly or 
uite transparent ain tabular eryat ‘aolinite is translucent to jue 
find in erytals elongated parallel to axia Narnte is usualy opts © 


murcly +} dickite is +; kaolinite —. Z—= d axis in all three. ‘The 
freon X anv the oral uo (O01) = 10" to 12° in nace, 15 to 20" in sk, 


ake a pio 
abizatite 
—HALSi:0s, or 2H,0.Al0,.28i0; = Silica 46-5, alumina 30-5, 
water 14-0 = 100. ‘The water goes off at a high temperature, above 330°. 
ro ete. — Yields water. B.B. fnfusitla, Gives « blue color on ignition with cobalt 
Tsoluble in acids. 


"DH —Characterised iy unctuous, wens: eel and the slueninn reetion BB, Resear: 
ry occa tert 


i 
J 
} 
i 


iy ‘i 
‘Obs. — Ordinary kaolin ia a result of the of alutsinons mineral, epee 
dally the feldspar of granitic andl gneiseold rocks In some regione where 
these rocks have decomposed on. large scale, the remulting clay remaine in vast bed of 
esol, more or fess nulxed with free 4 ‘aod sathetimes with oxide of tron from 
‘some 6f the other minerala present. Tt may oocur in bodies that have been formed in pice 
by the direct decomposition of the original rock, or it may have ‘and ove 
Ab extensive sedimentary beds, Pure kaolinite In neales often occurs in connection with trot 
ees of the Coat fd in various or wena at tna in cryataline wale tn cavitog 
“cori 


Gunes ve, “Asp met wih ancompanying daspore and 
i it ooeurrmee and 


Se ae ey em aed 
oe fea a Ge ee 
Fa a 

Voucnoxsrorm Similar to miloochite with chronic and ferrio oxides preponderating 


Furusihite. — HAL FeSO, Intermediate between kastinte ad =e 
sui he il oh sate a Diet tata Dec 
Botind “Only Son = tes From near Furth ent of Mi Antares: Slade 
ewer 


HYDROUS ALUMINUM SILICATES 
‘BALLOYSITE. 
‘Massive, Claycliko or earthy. 
Fracture conchoidal. Hardly Hi=1-2, G.=20-29. Loe 
ter somewhat pearly, or waxy, to dull. Color white, grayish, greenish, vellow= 
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ish, bluish, reddish. ‘Translucent to opaque, sometimes becoming transiucent 
fr even taneparent jo water, with an tucrease of one-dftl in weight, Iso 
tropic, m= 1M7-1-52 varying with amount of water content. 


War. Ordinary, Earhy or was nits ao opi ste leat 
loys of Angi Pieces tes top enety, da rm I coor, wih 
Fee ES Sti ndionst to we poreisn clay fas Lawrence Co, nna, 
‘where it eseurs with allophane in bale fou to tu fst then = 138). 

‘Sah in LUI alla eelnmemnietren 
seslatinoun it vm Cond ene Howtan, France 

Bole, i par, may belopgbere thay foe cored, unctuous 

eae fro ox, ich als have ut fe cent trae he oem re 
iwi ah tht thy say" be Toyeds tsa: 
ap) 


Comp. — A sillente of aluminum (1,0, 2810) like kaolin, but amorphous 
sand containing more water, 

oer oe inn pat lected ioe ee 

lting partly debyciraued material te tear ili ian polit 
eS ee 

Oe pyr ete: — Velde water. LB. Infusible pa ea ueeaneunee 


a ce beds oF product; also in ite 
on Pr ‘ 

sed ot ror ng Sen ta dcr occpnidon chon sickinowe aia’ Foon 

{2 ng’ cates in snallwroount. 


threatens doyle altance rmmblng balls of upertni empostion fos 


Raremmvomra ALO:2810,F407 A green toliated mineral from Mt. Lyell mine, 
‘Leverrierite.—A_ bs stiete of ‘stuninn, Mono, 


In, vormeulate Perfect cleavage | (001). Hm 15. G. = 2520, 
ruil Tre ny th eli ‘Carles to brawn. Pasa with rey oaall 
i Optical Dies muion 


soa om {\ 4 ge ith hes: 
ene hae 

Calo white. "Peary. tae Opt Aces og ata ee tae 
B= VBL = TBS, 2V = 18-31", Dispersion 9 >. Tram Bilin In Bobemin of 
Girctnavala: wt eaton of wie aad bie. ‘Oecire a sles in the Tone sandstone 
formation if Client ion). “Thought to be of wide ceeurrence In clay, eapecilly i 


— ALO, 3310;410. Probably Jn thin crystal 
5, NS "oecrn a cago ae ponte tal plate Bae, 
eae TH pet “array if 
Shull edater mae oi eaten Fa 
wi earnest 
Maes ah ESM RAIMO SY ick eit et 
gy tes Yaa, “Ta Ras We oe 
Sra om ee 


ca 
Keene 2nifn sos HOF hemi” Ciboy truncal by. etalon, ta 
ea ie eyeian Color, We Ta aS aan Reo 
Genie OMA pdreun slate of alumni 0% Amer 
pe ‘cayike, oF Tepresen ts & ravtary of mineral Very fery G.= 
iG Cay ier para wie" ran he od of pa (Aap) 
atin i Mh pom Ky Hm pd) Hr i 
en OR mcctoos (one ha 


Orthorhombie, Foliated, radiated lamellar or somewhat fibrous; also 
granular to compact or cryptocrystalline; the latter sometimes slaty. 
Cleavage: basal, eminent. Laminw flexible, not clastic, Feel greaey. 


glistening, Color white, apple-green, grayish and brownish green, yellowish 
to ocher-yellow, grayish white. Subtransparent to opaque. Optically — 
X Scans 2 elongation, x= 1552, = 1588, 7 = 1600, "2V = 67", 
Var.— (1) Foliated, and often radiated, closely resesh tale in color, fool, loster and 
Compt masse, white grayiah aad ‘suet feembling corte 

tate or Pron cat coftpct vaity res +f iat na one 


104). oF H:0.AL0.48i0; = Silica 66°7, alumina 283, 


ed acts elite fn fm 
Festuny tne the gia vlue of the nonpoint ene mien 
mpc fic with ltlioe crt pec 
comply cu ss tes 
Rabies sone tals, ft distingbel by the reaction for akin with cobalt 


otc. — Yields water, but only at n BB. whi fie 
Pr. Vielde water, but bhigh temperature: tea, 


solution. 

be — ropylite the material or bare of sone shia fate 
ated variety ls olen te gangue of kyo: ie coware in the Viral ft, Fs 

Rcd etn ttn rb gsteace 
tie Soy ete Vy St Sl and Ts Beles at Spa tt Meaty tn 
Lge fod at Outed in Lasemboure Yrom Swelin from the Westaak mis near Nasu 
Wee of Carina i ‘and with Kyun fo in Verma n 
raat frm Ouro Preta, Minas Goran i fllstad mame of extent, 

inthe United Statin thin mr fa coal eaten a Mahoney Clty, Beles Co, Penn 


a 
a 
i 
! 
: 
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ALLOPHANE. 


Amorphous. In incrastati ‘thin, with Cee ee 
ond resembling bale; sometiines stalactii,” Occs 


Fracture conchojdal and to earthy. Very brittle. 
H.=3. G.= 185-139. Luster vitreous to sul ; bright and waxy 


decomposition of 
ten Benure cr caves ore via eepeially 
en with tron; at fine con scam. Pum Sette fort 


‘Bous, Hhinelnad, 

1 the Howas tuine in Sule From teat Woolwich, 

* ited States It gccure in Pennsylvania nt the Friedeoevilie znd 

fn Lehigh Co. also at Cormwal, Labanon Co. 

‘Nar en i, ether, ail Spree, fo ayer, aluson to Ie change of pear 
wevngit see rally a misture of allopbane and wavelte from Banta Rota de Viterbo, 


oer oii a ie == bees 


HYDROUS IRON SILICATES 


ee peel th hrometid lar ty and vi al a esl 
cocurring at Ushorad (Ungvar) in Ruthenis of Ceechosigvakia. 
ira low, 


Cae ted ilnte of ferro iron, perhape with tho general 
formula H.FeSis ‘analogous to kaolin and it i therefore frequently in- 
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cluded as a member of the Kaolin Group, Alumina is present in some va- 


ter, even when heated to 300°. Indiees of refraction and other opt tie undergo 
ive change with the dehydration. ‘On exposure to moist air tnost of the water be 
Regained “it probable that cloropal should inthade milena, sd overt, 
helen Chop occ ath opal nod ain nto and thi a 
‘counte for the high silica of some of its analyses. 
eter Intunbie, Celatinizos with HCL 
55 gation ip Wealtien mentioned sbows, chloropal is found at Pho tn 
Bera fom Mest Si Rm Lalgh Coy Peay ee 
nit occurs ab aout * Lahigh Coy, - 
Ducted Srom Palmetto Mut, Exmerala Go Ni 


a from Faletig Mu, Ee oropal lar grees, From tits, wouthwtat of 
a il 


es, Cohe, 
ee ROY 


Gon 30h. (ates and. then fuses 
ii AR 


edlioh brown. = 010). 
feat bere SPENT og Prm frail Ses 
Se A mtr lind of ere, 
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ad trnsparent, Biaxial, — 7 || slongation, @ = 1-725, 8 
BT ssnete iene dper,» <a Fret Tranklin, Ruse Co. 
A hydmtes!silleate of manganow and iron, of doubtful m= 

au ard om the gti of odes oer naa jean 
irova sad Iewwieers nee ee eek eee 
eee AGI CANIDD EHO}. 2R0,, Compact. Detlandtinle, Black 
rr ates esc pod 
Tele das” Drcotapsed by ella! rom Haken Hl, Now Sout Wels 


HYDROUS COPPER SILICATES 
CHRYSOCOLLA, 


Cryptoorystalline; often opallike or enamel-like in texture; earthy. In~ 
erin ing seams, Sometines botryoidal In mieroseople acicular 
crystal from ; daho, 

Fracture conchoidal. | Rather seotile; translucent varietios brittle. Hi. = 
24. G,= 2-224, Luster vitreous, ‘shining, earthy. Color mountains 
‘green, bluish grew, passing into sky-blue andl turquols-blue; brown to black 
hen impure Sire, when pure, white, Trandusen wo opaaue 
from Idaho gave: Uniaxial, +; «= 1:46; «= 157; weakly 0, 
0 = colorless, Hf = pale bluc-green, Indices variable and optical character 
different in different occurences. 

1. — True lla appears to cormspond to CuSiO,2H,0 = 
Billea 343, copper oxide 45:2, water 20° = 100, the water being double that 
of dioptnse. 


axa an mul heparin el, hy liam ak ei of 
sande of iron or oni oh phate 
Scitetiy varie frm bias green’ to town nad blacks At hax beer sagen tek te 
Scanportion of tort chrsyotefe not dein bt that Hi tmaly inthe een of ener 
dlls Teton, The laid ater fcheySSU Ree prunie enn 0 A 
formation, Ths 0 ie 
Arion A mistre of esenola ‘nd iat tn Arne, Ress hs Wee 
oreo 


ee: — In the lowe tube bicker nye wate. BB, cakes 
fae cimritgenon, ont tapas “Wh do Bas iver the mcense he ee 


Wf Sean coal tule sae ope iy teks wou 
‘Obi. — Cheyeocalla ts a mineral of secondiry origin, found amociated with 
caver noodaty tera copper be ue frie wopper va Aa aon 
Frere eee eee eon here. In the Ural Mts., 
4 urmbertand at Roughten Gill, near Caldbeck. Fine ts com 

Katangn it the Belgian fouminen In the 


‘depowits of Chil the 
rants at Comal, Labmon Co, apt in Berks Co In AR 
moti glnary green, bt the Ciiftas-Morenes ditsct, Greene 
Gila'Cor; ne Cock 

the Tintie 
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‘Shattuckite. — 2CuSiO;.H.0. G. = 38 
ag a 
Fee ie eet mace at Heed 
259 ce, 

OT, ete Sos, Ochre 


| elongation. 
Heochtoim, Z ~ bia, X= Ym colorless. Found 
Niece tcl pa ait epee 
Resta Belginy Congo} fram South West Africa at Guchab, wear Qtavt 
[4G feteRoar'Winuhosk, tls heen thovatto be Sdenion wit shatiekite but thoogs 
loly related the Tivo specie anpent to be dstinet. 


Ka NABWO:R HO, MonolinePriemae., mite eben cos, 


“f radating tare change (010). = 48 
Turtle nid" Cobr wii Opal Ax pl LO. A cane 
ats p= 13,1 hou at Bee Sh Beran C2, Calton 
inerymal from ne ‘inners C 
Cera" tNpCALOL IO, E40, 


Be Shae ly sagen onlin or 


lass of Whi indi FN Sorss aa vol i serpent a 
Megas Cy 
Cereranaanar kom ater Maleate of hain 
24, Color 


SILICATES CONTAINING VARIOUS OTHER ACID RADICALS 
Geno, Kalaole, — 2080 (Cp ¥ }O-COWABOLTHO. -_ Oribehombe Croan 


her in. ioe ort: Reals ey Santee i, cole yell on ‘Op 
Brae it Mt gh 0a (Nor ares) iper 
thy <n, row Key Yoga Norway, ant 1 Nondarls Vem, 


eof thu cerium metals grad oalelum, 
55, G4 Color 


i 

x = ere ti: Bom ith 9 = 1777. re 
i, ith i 

moll eee out Crewnlant. 


‘Plarali , Yocmetrie. In mlnibe dodaeabesdronas. 
Fe ee Qiao tight yews n= TOTS, From Cretorg IUvre 
tile Co. Calor, 


MensiOuCACO, OHNO ISO.. th Maaive, fot 

vate Cheng ne as hada on voce tthe he 
Soretties ihe bye he, nt a Sarina Yeo Langoeltion Ver 
shi ing, hyttan, 

tab Brenna ium cxstlne me at Paterna Wa eran (ery, 


Now d 
i i Foe ot oats TA LOO 2 omy 
Tea asia 2 10h ght = 1 BV cama sateen ite 


ee out Gearlog Tuning nee, Mesion "Fond neste Bt eodtash 
‘some st Seawt Hill, Co, Autrica, frolani. 
"APwilive, SCA) 28310, -Monoctinie, Prismatic Balt 
orfoct tine! cleavage. Colores) or white, G. = 26K, 


OX Are nels = 30" am L017, Bm CODD, 7 = POSH, 
eee ct dnnond safe a Korey, i] 
isc copied Co. saa 
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2 (001) = 20%, = 1500, 8 = 1400, y = 1621, Occur ann rare cnatiat of one 
Batt oats focned by tha eta of limestone by dolerite at Seawt Hill, Co. An- 
‘a 


‘ean. 

eetrmsophane, Uranotll—Ca0.200,280,7H.0._ Orthorbombie. Primate, To rad 
ated ; rows, Tk = 2-2 'G.= 861-390,” Color yelow, 
Se TG clenvage or tabular developmmt, Z| longaton. 


‘cavities in Mote with uraniite: From near Schneeberg, Sazon; 
[orroni)“From he Painterin the Finders Hangs South Austra Inthe Uniad States 
iy oadhe, Deavare Coy Beara.” ACU isn tin of Meal CO, 
jorah Caroling aan alteration produ 

“Seiodawakife. Chinkolabwite.~ MgOAN 20, 73,0, Orthorhombic, priaratic 


Piola seni 7 piel, 


oa 
ite and curite at Kasolo, Kat ‘na acral -vellow globules with » radi- 
Se ae een aera 


“Kasolite.—F0.10,SiO,1L0. | Monortioie. | Minute prismatic eryatals. Cleavogox: 
GoD pert; (100), 010). Hk 3." = Son, ‘Solube ta sed bates. 
Water in C.'T. Radioactive. Color yellow to brown. Luster resi 


Soddyite. | Sodiite. — GUO, worhomble, Occurs in minute primate 
‘ecystala with priem faces vertically striated. Also in minute tryetals ith bor 
fiaotal striations. H "Or Stair fiiomiee Weebl ie Caton, 
Toning water and with colar, | Tranalocent 
Geer isaely tte wih erie at Rank Began Cangas? S08 717 

Dizenite, — MusiOy 2Mmy(OH)(AsGh)y Hexagonal, thombobetral. In tes of 
shin folia. Banal cleavage. H. = 3-4. "G. = 42. Color nearly hisck, red by tapemit- 


ted Baht Optically, Todlees, 173-197, Frm. an, Vernland, Sweden, 
rie Macgovemste 3M, fnj0 Sta ARO TO. ic 
ably besaponal Taisen rte alent lessees 
be. Gm Sti Radian, somewhat brameive scr “Deep tetra 
Bieoenietta fa 116” From Sern Hil, Frankly Same Co, 
tow Jermy. 


L 


‘TITANO-SILICATES, TITANATES 


‘This section includes the common ealéium titano-ilicate, Titanite; also a 
‘number of silioates which contain titanium, but whese relations are not alto~ 
gether clear; further the titanate, Perovskite, and niobo-titanute, Dyaunalyte, 
‘which is intermediate between Poravskite und the species Pyrochlore, Micro. 
lite, Koppite of the following section, 


gr del yin er a c 
eben Mr at he te ie heat 
occas er cee ees over eh aes, 


= OTEAT : 1: 08583; 8 = 60° 17", 
"110 110 — 0 20 ' 2407: 
fm 00 4 310 — s, TRATES = 4 2 


om OOL A = 38% 
SGA sp ant \ 0 = 
wa, MA eh 001 A 112 = 40" 
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ate. 100) rather common, both contast-twins and eruiform 


ite “Goyal ‘varied in habit; often wedge-shaped and 
ey tee i] ‘001);, ‘leo, peismatia Samatimes massive, compacts, rarely 


wits, wal iT pe 9 n( i) dng otiag 
I 


of yellow; ¥, yellow, 
pl, || 010}, Freat 1 2(102), 
‘very large, and hence the 


linrity 
Yate ght” Aa nngles varie bu small 
rie a rage usually 


et oe fares is gO 
Tite ina 
amar phe eye product of rutile and ilmenite, Hot 
me? ‘Red oF the of m ittle mane 


“eet 
wong reer gal emer 
See peg cr ss Coat een eee, Ka 
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Norway and on the islands of Ho8 Anker, Alve, ad Narwets i x flsputhic rok, 
‘Aft Sesrak to Hankerat oe: 


‘Comp. — CaTiSiO; or Ca0.Ti0,.Si0, = Silica 30-6, titanium dioxide 408, 
lime 286 = 100, fron is present in varying amounts, sometimes man 
ganese and also yttrium in some kinds. 


Tyr =B:B sone vache chengy aloe, Paving lie eed ra 9 i 

intumescence, to & yellow, brown or black Wye se dy kor a chee yellowish 

aes liom tacty acl i tected tptirclies et mc the sun Be so 
Tt i unas 9 ea Wolo bs 


os 
ee eee Se ee Gee, 


resinous (pr adamantioe) luster; hard 
Sheil ‘he reaction for titanium is datiogtive, but le 2 i vantis eoataziog 


TDi in hn ny espe wep 
ia ey De ee eee rm 
: 
Sir eae ea ce TREN ase 

oo ng tr i aL ee” 


aaie horahlenle granites ayeaitex end dlortes, and ls ewpecallycomnoy and cha 
ieteriate ia the nepbelte-ayeniten Te otourn also tu th metamorphic rocky and expecially 
‘Fa thomchista,gretoes, etc ich in mage not ron and in certs panies Umestaen.(t 
i alo found is beds of toa ore, Ce ‘sorta 


gs an en anne te rng At ee 
et ae nce en ie A 


tetragonal bia 
SCTE I WO, 


"Puchefkilie.Chevkin\te. — A ttantont ofthe ceri 
sluerationprodct, sore of lens Enterogsnaous, aad the or the miginl else 


ie) cenartel aa rab tims, tniart otro, Tauiom arabe, F081 27 
= ms : : "0 a 
oi, A= aay colton Y= ‘brows, Z = dark 
Ingut wcy und apne A eration rato 
See aa Me ceaeer is aye and pane rgmntes om the 

ks, went of Amnesia eon eat Dates, 

At Bodied tus weglang 20 fim tus been Yount 
Makes Bits, Neaon Co, Virgin leo found, south of this post, 


. — Probably RALTHSION «with R = Hy, 
eis te grid cos 
seitiee im pasate groupe. Clesvage: U0) peract 


eS curs on the emall island in the er Bev, Norwy, fon: 


fat feldapas, with ext 
geile embolel _feldapas, wu tality iy at 


juaewak and in the tephelitesyenites on the Loa 
[aluade in French Guines Alto with nrfvedsonite and sircon at St. Poter’s Dome, Pike's 
Peak, El Pato Co,, Coloruilo. 


‘Johnstruptto. — A silleate of the cerium metals ealeium and sodium chiefly, with titan 
‘duarine, ‘monoclinic 
fan and is priate ‘erystals, 


to brown, 
1, X= bs dyerion,» <u = L805, f= 
oecraie sear he Juiasahaab diy Crees 

‘Nara 
Monoclinic. 


amen, 

Navearsutite,— A highly acidic titanoalienta of frre iton and wom. ‘Tetragonel, 
In tnbubr eoytdla. Vine primnsiic caavage, Tk ~ 7. G. = 27, Color 
o owns fray oF ocberyellow. Optically fe = 1000; «= 1:90. 

at Namarnu, 


% 
Ph do mate, memociple ryt Cens= 


ih pele eral gf, 
Jol, yellow tedeerred. Found st Narr ere, 
the anita cay in San Benito Co, California (orgioaly 
mene as os He Leontine ta eeale 

f irae hw thee, groupe are ned to 


he Seat ve nS Beit Calfera 

‘Sn Heit River soc Calf 
ein mate tab 
es. Site 
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9, Cont 

le 
=. x =a ‘o= ~30i, 7 = 20h, 

Fuuble,"Opticaly 5 “Ax oh (010) ago 1 B= BOL 


blsies “A taneciiente of alam and (ron, Ortharhombic. Colt, bousy- 
olden social with rele fom San ello Coy Calforia 


PEROVSKITE. Porofskite. 


Isometri¢ thorhombi isometric. Crystals in (Ura) 
fon oft aver dis ia lier: parallel tbe cine 
faces often it faces w the 

‘4 of priaiedal dividual Alo in 
‘reniform masses showing small cubes. X-ray study of structure shows « 
cubic cell in which » Cs atom lies at the center, the Tj atoms at the corners 
fand the O atoms at the middle points of tha edges. 
‘cubic, rather perfect. Fracture uneven to subconchoidal. 
LAE = 4. Luster (pecan Sen ene 
low, honey-yellow, orauge-yellow, reddish brown, grayish black. 
cre at Tear to ope ily iit docs 
refmotion in the larger erysuls, with complex twinning of orthoebombie 
Tamelle. Moan inden, about 238, 


r rs bow 
era tral sonideret promt onto to che mete; opel, bow 


Comp. — Calcium titanate, CuT\Qs = Titanium dioxide 58-0, lime 41-1 
= 100,” Tron is presont in nmall amount replacing the ealeium, 

ee, — In the forepe and on chagcoal safle, With mlb of 0 OF, 

Iiveg 8 geen teal wile bot whch benoeis extra’ font: 

SP Saari Cree es "ea on Sng maaan anti sor 


eee a rear 


‘tleo itr Piedmant at falle d'Aosta, ete. 
= ees ee, fa tak ote ye TO, = 
ge aacaglee™ San fete nas Nag, Vinee See Rapes 


RLovaara A Ulanste extn xi ap od Na,CaCa)(Ti tb 
1 peo eta Coke bac stab raters oes ea Meee 
meirite, ‘and aphene, 


(Kole penton, novthery 

to mae ett iy nye Ponders wotatly etentati, "cab aoe 
Gubie cleavage, He 6-0, G4 lah iat, ieee 
358 Ato at ine asia 4, Hom tha ral ¥. 


innestone of % 
Baden, Germanys Tas previsiny tren eallet pero, tut i a fact eter be 
ect tsi ree, nad The natn yeas ant Rope ‘From Me 
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‘Resinows luster: = 249. Found with baddoleyite ir decom 
aa ot ea ee eee ta ad rt 
errs : per 
to spinal law, Cubic cleavage, Color black. Heown and transparent ot thin 
Found in a Tote tenet che Mora Sf Lake Moga, Teageayic Feottedy ast 


‘Stivaimarrm A inate, of srwonium, 3%rOrZ10,2110.. Amorphis. Color 35k 
Pg ear pny eg Sage 7 


coxtha unl thoane | Ortborhmbi 
inom luster, Teoteop 
il, Llano Co, Te 
‘ad 


a 25, 
‘Decomporel by bot concentrated sulphurie wei 


"Rusa 
dnd rs on the lava of 1SF2 af Venivinas on Mont Dore, Pe 
‘Odenwntl, Baden; 8, un on Mant Dore uy Do 


ia ‘clkowakyn. (FosCehO,A(T\ SO To ahi ng feos 
aaa ka oe ea thin ple, sha 
ue cena, Ket ROMS, Phat ake lt towns 
Bub-metallis hwiter, Hed-brown ‘W> LIT, From muscovite schiat of Serra do 
Hag, Mi cen, Bel 5 gen wi colo prada ri 
Fe ee ely (LOW UO) LOy. Proaacie essa ot granular. Bla 
PGE aed Heotople, wee Foun Mh 


brown, HH. = 4%, 
Says Alay han aba 
Oxygen Salts 
3. NIOBATES, TANTALATES 


‘The Niobates (Columbates) aud Tantalntes aro chiefly salts of metanioble 
and motstantalje noid, RNbOy and RTHOy; also in part Pyroniobates, 
RaNb,O;, ote. ‘Titanium is prominent in « number of the species, which are 
once invermedinte between {he niobates and titanates. Niobium and tanta 
Jum ary found also in # few rare silicates, as Wohlerite, livenite, ete, "The fol- 
Towing groups may be mentioned: 

re isottetrie PrRooULone: Gnour, the tetragonal Fenovsontre Gnovr, 

the -rthorkombie Commas Gabor: the erthorhombie Sauanatre Gagcr, 

‘aeeies belonging in thit class are for the moat part rare, and are 
ence but briefly described. iso 


heating, which ‘with the structure of artificial pyrochlore. There are 
cight molecules in the, clemnantary call ‘Cleavage: ots sometimes “is 
tinet, Fracture conchoidal, Brittle, TH. = 5-55. G. = 42-430, in 
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bate with @ titanate, RNb:O.R(Ti,Th)Os; fluorine is also present, ‘The 
formuls suggested by X-ray mayb is eon NOE 

‘Obs. — Occurs in nepholitneyeaite at Fredrihaytin xnd Larvik, Norway; on the ian 
sate mreetrens hese sites. at 
De ee Rear a pripan bros task Wtoeey Shara On Woon 


‘Keppel » pyrninbne of enum, ele, tom, netr ole 
Scone Srctni o'ppecon ix nude wh Sodecuinene He =o 


angen, fa octae 
etn, B50, C= ‘Salar car yollfes atm 180. Pound wiih basis at 


Gham, SSutamaxtso7 Teometric, In small octahedron H. = 5-5. 
= 98 Color dark faces show fridencence. 


aim 
‘batitution of the hydroxyl group 
Samirtsiie A tibele and itanate of uranium, ld, ete. Immetrio. In octahed- 
rout C= E24 Color goidensellow’ “laotopies” n= T4190. From nour Sami 
Poo gee omtialy a cae Talanialate, CaO ut eontainog ah ni 
iy a eset 1 but contalning alto 
z fiemetne. "Habit octal 


tel 

a eee eiG1UD J tenors, Ernoture mubeonsholdal.| Britta HL = 
G. = &8, diminishing to 4°3 when langoly hydrated. Luster exter- 
‘vitreous and submetallic. Color brown 


General formule R(Nb,Ta)O. with R = ¥,Er,Ce. 


2 tas feel 438 Aabs af Hn 
Se Santee = 3 
ee ce 


ih 
eae, Le 
eal esd 
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translucent; frequontly iridescent. Streak dark red to black. Optisally + 
for tantalite; probably — for colunbite. = 22-24. 2V large: 
Comp.—Niobate and tantalate of iron and manganese, (Fe,Mn)(Nb, 
‘Ta)sOw passing by insenable gradations from normal Cota 
pure niobate, to normal Tatars, the noarly pure tantalate. The iron 
manganese also vary widely. Tin and tungsten are present in small amounte, 
‘The percentage cotponition for FeNb;0, ~ Niobium pentoxide 827, iron 
Prvtexide 17 ~ 100; for FeT'40s = Tantalum pentoxide 86, iron protox- 
13°9 = 100, 
In-some varieties, minganccolumbite or manganotantaite, the iron largely replaced by 


fie enection he spect sind the of metallo ein ta 
cconnmetion betmeen the wpeciie gravity Percentage of enetallo acide 


G. THO, 
Greenland 30 Boden et 
VN.H, 508 Hdare ice! 
ri 70 Botentmain 605 ao 
Bote (Drone) 74 . on ate 
Tantatite 7058 
Dift. — Distinguished ourmaling, ete.) by orthorbomble exyatallen 
ectanguiay fone som) tho geavityswaunetatie hater, often with irdescen 
irfacey elonvnge tur a for wellrtates " 


more Inating than, 


\pomed 
nit in evaporated to dt with conrentrated uric neid, tte color | 
fovehiy ht (yur stow, sd ho bed i hye Total 


i ros sl an an 


te veinn. Tt is found in 


i 
i 
fi 
i 


Fee tin Tanegy oles bare tena 


é 


FeTaO,, momsite 


Be initNbefaos A varie meres that may be considered ax dior 


FES! 


‘al 


i 
se 
be 


& 
i 
EFI 
ii 
isa 
i 


Big 
ie 
# 


Orthorbombie, hemimorphic in dirwetion af 
to o(100).. Cleavage a (perfect). HL. = 55. G. = 
Fuse. Color brown, rediah 


YTTROTANTALITE. 
Orthorhombie. Axes a 

mm’? 110A 110 = 56° 50" 
‘Cleavage: b(010) very indistinct, Fracture small conchoidal, H. = 

5-65. G, = 55-59, Infusible, Laster submetallic to vitreous and greasy, 

Color black, brown, brownish yellow, straw-yellow. Streak gray to 

Opaque to subtranslucent, n= 215, 


Hi (Ta Nb)/Ou-AHLO, with R= Fo, Ca, R=, 


— Essentially 
Er, Ce, ote. ‘The water may 
and Broddbo, nesr Pubin, im 


eer Sane Calib0) Hoi0), with (201) prom 
a oma (a(100) . 103 
ie gits: erie in 


Fy x = 
= ith R = 3 B= ceri 
Somme. ee Ta OS aE Fe, Cs, UO, ete; H = cerium und 


a ul 
Tei iE : 
HEEB uae 
Hy tue ta i 
ik Ae : 
Hi 8 He i 
el ih : 
u aa 1 
3 Att Hai i | : 
Bly ii a ae ie 
Gg a 
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A nlobate and titanate of ytsium, erblum, cerium, uranium tke meen. 


thin orthorhombic. Fracture eonshokdal, “HL. = 


sovakin 
ee eodelyorite. Calcium umnno-titaposniobate, Taometele. Do- 
decane lac eos” Gece in pgmalive meas Sudan, rasa 


a ct at ree one eer nS 


Se phe (O10), Ze wale = +3 Tip = 6m Fund 
int plpnailte veind of in massive altte from Jullanchaal datsict, Groenlasi 


‘Oxygen Salts 
4 PHOSPHATES, ARSENATES, VANADATES, ANTIMONATES 
A. Anhydrous Phosphates, Arsenates, Vanadates, Antimonates 
‘Normal phosphoric acid is HyPO,, and consequently normal phosphates 
have the formulas RjPO., H,(PO,)s and HPO, and similarly for the arse- 
‘nates, ¢te. Only « compurstively small number of species conform to this 


simple formula. Most species contain more than one metallic element, and in 
the prominent Apatite Group the radical (Ca), (CaCl) or (PbCI) enters; 
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‘Tetragonal, Axis c = 0-6187, 2" (111 T11) — 85°30), ee” (LL A TT) 
= 82°22, In crystals resembling zircon in habit; sometimes compounded 
with aircon in pafullel position (Fig. 488, p. 195), "In rolled grains. X-ray 

‘study shows s close relationship in the atomie struc- 


“ turf xenotine, the Hull Grp, sien, ete, se 
ey, bp. 

Cleavage: m(110) perfeet, Fracture uneven and 
ptt Brite Meee. Ot 66. Lae 
ter resinous to vitreous. Color yellowish brown, red- 
dish brown, hair-brown, flesh-red, grayish white, wine- 
Yellow, pate yellow; atreak pale brown,_ yellowisl 
ood. Opaque. Optically +. «= 1°72. «= 

SO Comp. — Essentially yttrium YPO. or 


'Y.0,.P,0, = Phosphorus pentoxide 38°6, yttria 1-4 
= 100, The ytirium motule may include erbium in urge amount; eerium is 
sometimes present; also silicon and thorium as in monazite, 


in weld. 
seifeesemlen sircon Ws) Its Vetragonial form, but distinguishes Ly kferioe harinem 


and perfest lta 

Gee ewan nase anes is pga yin, sometis n minite 
bade cn Peel rocks, Commonly. sarod! 
ied Wid stron kid often ticlowes that zineral, Of frequent occurrence i the peg 


‘Cah near Dywortvil 
Th Mita Co, 
allo in Choyen 


ym’”*, 110 A 110 = 88° 34”, 
@ a n= 0" Lay. 
‘z, 100A 101 = 33" 31. 
SMES: 
mm MAM Sa tet 


Crystals coum all, 

often fattened | a(100) ot ‘Norwich, (it. 

ee | tenaion of wlll); aloo large id coarwa, Ta ramen yielding 
4 jon of (111); 

ogulne fragmenta; i rolled grains, 
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Cleavage: ¢(001) sometimes perfect ; also, a(100) distinct; 
(010) difteult; sometimes showing parting | e(001), m(110), Fracture con 
joidal to uneven, Brittle. H. = 5-55. G. = 49-53; mostly 5°0 to 52. 

wish brown. Sub it to subtransiucent. tially +. Ax. pl. 
senator Se aT tee Dispersion p< uv 
weak; horizontal QV = 14" a = 1786. B= 1788. 7 = 1837, 

— Phosphate of the cerium metals, ‘essentially (Ce,La,Di)PO, 

andesite a 
tbl) 1 ben sagt tat the cor ete Woh olktion with the curr 
re Bit, ura pay aad hee motel ih eee see 
hee eh re. ht oa ae Dac soite ie hyeeblo 


irk 

‘bs. — Monasite oceurs an sorry pincral in granites, aplites, an 
san ian es ae tn dt the sont 1 abun 
And thelr detrital wanda may ener it x cecemnersal quantities, 


wht i fad ope Mac te oe "The gna mete ea rom 
ct et ees trom near Sk, Coste near Ble fall yelow ot 
Hee ala” Sila spectinens come from Swtaerland inthe Binet Vala ad in 


Csiwons fo Val Tavetach and Val Comera, Monasite ceeure In Norway near Noter® an 
Kia orn Vento ord) iene mete toch ares, nt vaio etn 
f Tvedestrand, and Nist-Agder; 

‘Sfonaste tat een foun a various plac Ini and the Malay State It 


onesie tocar in wine-yeollow prez ood grins in the green sud ted apatite of Arwn= 
ese tine gum Hoot he Spt nd ie na "1 probaly 


of incase pte te 

See CeNarltMg hin) ( AsO.) Inometee, usally mamive. Atomic otras 
fare Matt oO (alae, Sede mae Norra neon. 
tenile from the 8}0 mines, Swerten, contain also autimany; color 


lead, Ort 
Uasally eassive Cleavage (110), (10). H~ 3%. G.— 425. Exally furble. Color 
Fores, Only “te Ae i (10), =D ma w= 177, = 17H 9 = 1808, 


“Slonimolite. Au atimonate of led, iron and sometimes calcium; in past, RSQ. 
in octahedrovs; iperasting Ho = 5-6. G, = 088. “ole 
‘or brownish Reeen. A, STUNDE, ioe Popiesy oer Fete, Verse, 


‘Cerminite. — Perhaps PbyAsOy 1OFeAs, 

sep ih aphersial forma, HBSS, GA 

red, Sg = 208. From the 
Paternal fa Cornwall. Reported from Magnet, Tssmanis. 
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Gecegadéaite.— Phy(AsO.)e3P%Ce_ Orhorhobie, a mmnall rysale with herago- 
nal Shine SE RRS TA Eeay taln Hamiocs hse Cer ite 
Bh ple’ Quiero 00K z= eam B= STV re 


‘Armangite, — Mus(As0,e Primuatic habit, H. = 4. 
G.=42N Poo ‘hlsck- streak brows. From 
Pati} cleavage, ‘Tangbansliytian, 


Triphylite Group. Orthorhombie 
Bae, ua, oat bo 


Orthophosphates of an alkali metal, lithium or sodium, with iron and man- 
panese. 


bie, Axes a:b 6 = 04548 21: 05265. Cr 


Orthorborn Cezttals rar, una 

bem or oon) nelet (010). nearly ig INO) tore eee 
xi " ; j 

Tat Se eal eee Se Tee 


white. “Tranay t 
postion. Lit te is opt +, 
ight! 
ent FOO), 
Vv Pan ce 
vane trom the tiokas ‘era 
or 


eu) vuseperer JHE BU 
i it il nil oT i HE 
vibe Hoe ae a 
é ui wiet GP ay fe 
oh ee 
ile (He a 8 iy a 
Hey ieee | 
Ey bod | Bey i ai ef 
a ad 3 
Mee bh aot it al ule 


i. Ordinary ‘or cleavable and gransler massive. Colores to 
areen, blue, yellow, ‘The ‘omginally from Murcia, Spain, ie 
yee Meet Nera ro a ah 

“Lansrovate tw aky-he varity with Fer ie) Bronce, rom 
‘a Tovar, Devgeshin, Eng oxam i el eal ales eas 
conning urine te wh ny» rf rn 
‘area ale 
ects “episcing clei to 103 per cent hnO. color 
‘bluish green. The peewee of manatee eases an Increna in eset 
st arnlenpetie er emmte 60 retety fms Inde omen ae oe eT, 


in 
nD Pallet name wo the pomilile ooerphoa ec, Cay(Ca0)(PO4)s aod 


to Ms 

from ‘See that 
Maen Wee ce rts creme 
cnet one asl neti rca 
sae gary type fama ‘and clewhere, rs Art 
Etat inten Hapa bee Seamer logieetct 
Sel eigen ene ithe manses,, 
7. Barthy Onteatite. Memtly altered apatite; coprolites are impure caletum 


—For Fluorapotite (CaF)Ca(PO)s; and for CI it 
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‘also intermediate compounds containing both fluorine and chlorins. The 
Doroentage composition far these normal varietia ls aa follows: 


Plucr-epatle P.O,429 CaO 55S P88 = 1OUG or CarPiOy 02-25 CaF, 775 — 100 
Guarsraile BOTS GB SS GSS = es & Gavia soa’ Gad, ioe = too 


Po here e 
uor-apatite a chrerecme as eT Ieongt the ape of 


ti the pra 
rtd by fusing sodium phosphate with ealeiam 


tnnera, occuring In rocks of vaio Kod xd 
rey epi rock, eepectlly in grant het 


focceatory rock-forming maootal. Tt found in all ila 
‘tlc rocks ad neo tho evo prviuct of thn organ cyatalivaton. | 1p 
‘ceyntale tt ie especially charneterietio of , pazticul 
ibe naltes, and oceute hare acca with quarts, feldspar, tourmaline, maaoyity ber 
fie Te is sometitnen preaent in ordinary ntratiGod limestone, bela of wandatone 
the ian, Cucoatery dursadn, Criscum ot Tertiary. Tt hae hee obmeve asthe 
fq 
afford 


‘Only fe molt buyorennt lentes forthe occurrence of apatite ean ba mentioned hero 
and eects thoes dant aflord eyes cl exraptiona qual or gelor, Iti found on the 
‘Takgnml River eu of uteri, ra ia ad le clr eryatal fn 
‘steetIn 
fod Ziad (Chwvald) In Salzburg, Aunt, in complex eal elenr es 
‘he Kaappeownnd, 


ie 
a Wioltatsteeha sn fast eterno inthe eta, 
find the baleital inventing, Lay. Yn Switaeand Mir 


at, be 
als 'at Ca tala; in Devonshire, 
‘olored at Hovey Tracey and xt Wheal Franco (francolite) at Twvistook, A variety similar 
{o naparaguestons comes from Cerro de Mercado, D 


spetta ut' Huntington (formerty ‘Narwich) Hampshire C 
in Middiewex (Co., and at rapehville, Fairfield Co. 
tla in white of eolories ‘igh 

St Lawrence Co., at Hamtnond, Gi 

(efferson Co) ‘alto at Vrocman Lake, near Antwerp, Jefferson Co.; at 
Eisat Moriah, Bavex Ca, in magnetite, at tho 


43 

fi i fa i 

ee Gel pie i 

Ca eee a i | 
een Lene 
pe un uaa ay i 
Tey iil i ea lie bebe 
el ei dua ag ne ae a 
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slender point. Often globular, reniform, and botryoidal or in wart-like shapes, 
‘with ostally a suboolumnar structure; also fibrous, snd granular, 

‘Cleavage: m(1010), z(1011) in trices. Fracture subeonchoidal, uneven, 
Brittle. Ho = 35-4. |G. = 65-71 mostly, when pure; 5:9-6'5, when con- 
taininglime. Luster resinous, Color green, yellow, and brown, 
of different shades; sometimes wax-yellow and fine orange-yel- 
Tow; also keaylsh white to milk-white, Streak white, ‘somo- 

Sub it to subtranslucent. Optically 
At times when containing arsenic 


forma reserabling 
Ter and mourtike D Poneretlonary groupe ot tnasnos of ey 
Sa eta ch Roroux. (0) ronalar mosmine. Uh 
Fe dipernt Contating tne, colo brown of diferent shad 
Phe ‘pale yew to nearly white; streak white; Cl. = SRO, 
In eaparate ; 


color yellow, greenish o grayish; 
Tour tillant red kad arsine, Araanerour olor gre 
Siwnan G, See Re Paendomorphous (a alter paena; (@) cervaite 


Comp, (PbCI)Pb(PO.)s oF alao written 3PbP,0,.PbCL = Phosphorus 
ent 1677, lead protoxide 82:2, chlorine 26 = 100°, or Lead phosphate 
89-7, lead chloride 10°3 = 100. 


‘The phompborua is often replaced ty armenie, and as the umount inereaver the xpocion 
paul jRommbonst ess ot eplecn tbe lend fo coumuerable exten 


‘conl is conted! feven loud chloride and, nearer the Assay, Tom load oxide. With 
i ‘varioties contali 


chan ae | farsa, and give the odor of 
‘eatlle in RAP. on charvonl, acid. 
DU" Distinguished Ly ite hexagonal form; high epeclic gravity; revinous Larter; 
te 
‘mous 


sa mineral of », found Ir 
mt, "rae roe ain of phspbore ctl upon 


from, Croix-aur-Mines, Verges. Fine ervetals come from Hores) 
ny fron Corawall and from, Roughien Gill Cumberapd. soc i at 
‘Congo. ‘Oveura ut Broken Hill, New South 


Water 
Tn the United, Staton ‘ccoury tn Penanylvania at the, Wheatley mine, 
Chester Cor, aad at Berka, D od 
Ea. Pr dao inthe Contr elena Con, nt Burka, Mace, 
‘Named from sip, Are, to the: form the 
in fre, mh forms ling tothe eryatalicn lobule samumes 
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‘MIMETITE. Mitnetenite 


Hexagonal-tripyramidlal, Axis ¢ = 0-7224. 

Habit of erystals like pyromorphite; sometimes rounded to globular forma 
Also in mammillary erusis, 

Cleavage: (1011) imperfect. Fracture uneven, Brittle. H. = 35, 
G. = 7-0-7°25. Luster resinous. Color yellow, passing into brown; 
orange-yellow; white or colorless. Streale white or ‘nearly so, Subtrans- 
arent, to tranlncent, “Optically —. w= 2135, «= 2120. Sometimes 
shows biaxial charac 


Ontinary. "ie frills, ails fresnel agereenin, 0) Cupar oe 


Glament Cc ‘marked in a variety frown St, Prix-sourd 
ee ee ee. a ey ga 
singe egal bees tsa, , Seradl,getowiah tol trowa sit Eros 


red containe 3 por ent Pas, 


» — (PhCl Pb (AsO), also written 3PbAsO,.PbCh = Amenic 
pentoxide 23-2, lead protoxide 74°9, chlorine 24 = 100'5, or Lead arsenate 
or pliron room Ge nsbaa Tart, ae alam tale, rie 

rus replaces the arsenis fn part, um the Toad, ite 
(p. 700) is intermediate between mimedte and vanadinite, 


etc. — In the clown tube lke pyromorphite, TLD. ues at, and on eharconl 
jes TAF prota tn ecly redid onal, song the tol 
‘vith lead chloe, and Iaier with arnenie rlande and fad oxide, Soluble in ats 


Seen argh ea Tro 


ten i 
Henin the sao ign de aie oye Bn," att ci ue 
focaiton in Cor in tine 
Froth Sorawarve ies ea Sia ene 

‘In the United Staten titwelte haa been found wt the Meat Be Phavatevll, Chie 
+ Sed ro mrt tnt, 1 homly realy pots 
ir unr dtr, oer te, 
Baers Alar of Tal 4 Bi 


VANADINITE, 

Hexagonal-tripyramidal, Axis ¢ = 0:7122, 

Crystals prismatic, with smooth faces and shurp edges; sometimes eavern- 
py ‘ous, the eryatals hollow prisms; od 

‘in rounded forme and in parallel, 

ingslike pyromarphite. tn implanted 

wobules or incrustations, 

Fracture uneven, or flat conchoi- 
dal, Brittle. H. = 275-3, G, = 
00-0, Late of ets of fa 
ture resinous. Color rubs 
light ‘brownish yellow, stpaw-yellow, 
reddish brown. "Streak white or yele 
In Subtranscent copa. 
~ w= 234, += 2299. For endlichite, w = 225, <= 


PHOSPHATES, ARSENATES, ET, 709 


(PbCI)Pb( also written 3Pb,VsO.PbCk = Vanadium 
io, had oat 78 e008, or Lead vanadate 


penta 7877, chlorine 2:5 = 100°6, or 
2, lead chloride 9 


Phosphorus is present, also sotnetimes arsenic, both replacing 
none us ly rt, As = 1:1 nearly. 


“lhe toma et adil fit wie inte 
ed net anterus ay we ‘octal Tea 
sere ‘dtr corset gelning th ln sO, the Glck neon 
of psp ny oer re bal a I, ch bce ht = 
Semaiea t meaes 
0 ungotoon era amaly found alter oad 
oar Ekaterinburg 


Wippel tn Cariothin Aus From the Sierra Nevada, Andalusia, Spain. Found in 
Seema Wanted chin, Duatig na frre ‘Lanark, 

wt Djgbal Mabie (fu ‘Morocco. ‘Otbeskoop in the Mlarico die: 
et, Tranavna, in ve ‘Confobmy Argentina. Vauailiuite wan firwt noted 


idan, 
fo i a Nth eis hea lng eon ona a New Mele 
oft moat with rina ite.» Alon th ll Vat hr tt 
ia rd i, nu Cy lat egy rly ror he Maco wl 
tune nt Shull pear Oracle tbe Galan Moy ol Coy eps the Old Yur sine peat 


Paxton Ronee any ogy nia ser 
wry Ort in; abd ne Rally bear Salon, Secor Co. Froth 


South Dakota: 
Mdees =A aoures of vanadsn ed rior re ot a 
cartier ‘ele Nee Uatngal tN Othe 18 (rein) 
erga Sede ‘ 3 Tangbanaitian aad 4ejsbone nan Penberg. Xo roca 
Sew Jersey, 


Wagnerite Group. Monoclinic 


20017 + 1. 15154; 62° 13)" 


Phosphates (and arsenates) of magnesium (calcium), iron and manganese 
contain Bone alo hyeasy Formula igh POx or (RE}REOs ote 


WAGNERITE. 
Monoclinic, Axes, see above, Crystals sometimes urge and coarse, 
jaciscree: (400), (110) imperfect (001), Ri 
leavage: (100, fect; o(001) in trace, Fracture unoven 
and splintery, G. = 307-314. Luster vitreous. 
Btreal witte Color yellow: of direst shades; wine also flesh=red, 
ren, ‘Tranalucent. Optically -+. Ax. pl. Hau, enxis = —21°. 
Ga ok aoe a = 1560, 8 = 1570. 
fhiocphoephate of magnesium, “CgFyMgPO. oF MasP,O- 
fees pentoxide 43:8, magnesia 49%, fluorine 11°8 = 1049, 
uct (0 — 2K) 49 100, A litte calelum replaces part ofthe magnesium, 
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scape el oer dhs tne ian res, Wun Bete ele eee Conan Sak 


ervesces, but is not completely diamlved: given m faint manguoree reaction. Re- 
Sets for fluorine. Soluble ts nitric and sede With acid evolves 
oe urine. tulphurie 


‘She. Wagnente (in anal bighiy rode erste) coeur i the alley of Hien 
jd a Hadegrbes ear Mochtitee alse Kueh 


smonnclinie (7) ermal 
Diffeully fusible” Color ashgrey. Optically “tS 160, @ = 10rd, y= 1000, 
Neal Be Fo ie Verma, Swede, at ihe Nyttata Reon me, 


‘Monoclinic, Massive, imperfectly orystalline. Cleavage: wal in 
two directions perpendicular to each other, one much the more distinct. 


inclining to adumantine. Color brown or blackish brown. Streak yellowish 
‘or brown. Subtranslucent to opaque, Optically +, Ax, x ) (210. 


Strong dispersion, p > v. 

Comp. — (RE}RPO, or RPOLRE, with T= Fe and Mo, also Ca and 
‘he ratio varies widely from Fe: Mn =1:1 to 2:1 (ewieselite); 
1s7. 


elkiripte nn variety from Hoemisbere, war Ny, Vermlanl, Swedes; contains mag 
asians and cabin tn hee be if 8 


nee: aL ee eee 
‘ = 
pa bracts dren e 
CSeciovatia. ‘at Chantel monte. Haste Vienne, 
See eet oy eens, ae 
Found tn the Serra de Cordoba, Argent altered to a mineral like bet In 
the United States occurs at Stoneham, ‘Co, Maine; at Branchville, Fairbeld Co,, 
Romie ance sae 

‘Gururre. A problematical pt ate related to triptite in embedded reui- 
PA Sr ers a nar d 
er i Se 
fon Bouth Dakota. xf 


the 
Like triplite, but with the F replaced by (OF), ‘Monoclinic. 

to colunae. Cleavage (100) perfect, Mee 

alin, Gels yelowhh to ecidun econ Soll as pe 


fle sui Y oearly d elenvage a= F726) = © Frat, 
Sire dr "From Branchville, Furteld Cor, Canncctegt. Abs tifa Hees 
aye 72 tl, ave, = 


= O74 Color gray or 3 +. Ae ph fl (010). = 
Gage ag amar aN ASLO Tr de 


‘PHOSPHATES, ARSENATES, ETC, m1 
Dt St ee anda 


ie =e 
se MUO) LT, wT p= Tats 5 Ta From 


=A phosphate of ion, reanganeey, ete. AROSE ED. Monoelinie. 
Perfect cleavage. = 5+. =. V= dark 
Platten SY = enone, 2 


Tt y= E70, 
green, Found massive at Serro Branco, Prouby, 


= By Mn Oe Mew to 
Se aera ta ee 


1 soall 
Cake peal, ‘Betis 


Il (020). Chesvs ‘good || 
aera ke ge 
i; South Went Attica 


RF, 


tala, dlesvage || (O10). T= 28, GC. = 83. 
Arg eie Ta PIR At pl (O10). From 
‘Schaltenite. — Pb: ‘Thin 


‘oqulvalent of plu 

Fiorencte:™ A base alsa and te eran etal kl apa 
fo. to which it ix in form. BAW. CeOp2P0,6H:0. Hexagonal, rhom- 
foledeal Hatt shombebetraL "eee! clea 


Se ee Sa 
Folows folate "Openly 1 « = Tesh. Found i tnd fom ase 


Crandallite. — CaO: n ). Probably orthorhombic. In. to cleay= 
aa chery Hegel agri, 
Ser ea ue Dae. lan WntiGed foes Dehons Nossa 


m2 DESCRIPTIVE MINERALOGY 


Harttite.—A basic ee florins and ‘scr 
45-5, itd 
Jelekite. — A. oy snd alo, NCA Sitim coe 


ge et 
ae ee Sane spre on 
ong ome ot. So tet 


AMBLYGONTTE, Hebronite 


‘Triclinie, Crystals and coarse; forms rarely distinct, Usual, 
eavablocolaar and emp! ms Folpaynibetie twinatig laroolis 


on Cleavage: (001) perfect with pasty aster of100) somewhat le 2, 
vitreous; (031) rometimes cayally Mato) It; ea(O01) A 
100) 75% 90%, exf01) 6 (OR) = 74 “W' eM(ODN) A (110) = 92" 20) 

ieture uneven to Brittle. H.= 6. G. = 301-309, 


Lister vitreous ¢ png 0 Color white to sb, 
bluish, yellowish efron: Bia ie iver 


y goloeal eave Optically — B= 1505, = 1598. 
2B ih tore tn Taro conten boomnaea opeiadle eth 
een, 
‘Comp. —A fluo-phosphate of aluminum und lithium, LAI(F,OH)POs. 
Shu ote replaes part ofthe Wiki, aod 8 wma exes of water maybe 


IP Semis autor ie the ame mata th hyo end ofthe sere 
‘and amblygonile to the fluorine end. 


Id oth wy ti 
hc nary Wels a nea Geyer 
= bor a tsi a ey le a Ft 
Rrmoehrie, Farell Cor Coonetiet Fr Pala San Diggs Con Callorase 


“The nase amélyponit'i fore dedi Brent, and yy angle 
Fremontite. ‘Natron stomontebata, NLD ANON,JOPO. TH 
vith rough faces. "Tree eleay— 
rnning shown er erence 
7 aTavioh white to white. Translucent to Opts 


PHOSPHATES, ARSENATES, ETC. 73 


B, Basic Phosphates 


This section includes a series of well-charscterized basic phosphates, 
umber of wich fall Into the Olivonite Group, Acid plop ce = 


senteil by one species only, the little known monetite, probably hs 
wee p. 71D. 

Olivenite Group. Orthorhombie 
Olivenite Cu(OH) Aso, 09396, 
Libethenite Cux(OH) PO. 0-601 
Adamite Enx(OH) ASO, 09733 


AsO, 
,Cu)(OH)VO. 
OBO45 or fa rb c= 00352: 


‘Tho Ouavexrrs Gnovr includos several basie phosphates, arvenster, ote, of 
copper, ain, and lead, with the geueral formula (ROT) RED, (HOH )IAG 
eto. jiney crystallize io the orthorhombic system with similar form, It in to 
bo noted that this group corresponds in s measure to the monoclinic Wagnerite 
Group, p. 709, which nlso includes basie members, 


OLIVENITR. 

Orthorhombic. Axes a:b :¢ = 0'9300 : 1 : 00726, 
am ee OLA OTT 
ws Wey OLA O1L 


Crystals prisinutic, often aoicular, Also globular and toni 1008, 
form, indistinctly fibrous, fibers straight und divergent, rrely 

lar; also curved lamellar and granular. A 
eavi mn(110), O10), (O11) in traces, Fracture con~ ( 


choidal to uneven. Brittle. "Hl. = 3. G. = 41-4 
damantine to vitreous;’ of some fibrous varioties 
Various hues of olivo-gres 
tachio-, and blackish gree 
times straw-vellow and grayish white, Streak oli to Wa 
brown. Subtransparent to opague. | Optiealy + (pethape J 
sometimes —). As, |] (001), Z = baxis. Indices variuble, 
= 1785-1705, BV nearly 90°,” Strong dispersion, » < w for optically +. 
Var, — (it) Cryalallized, (hb) Pilrons: finely and divereenily fbeuus, of i, yellow, 
tron angry to ite am i ih tare wane velvety orate od 
f nm yor ital ‘oe 
{eo Bary nodular oe mamive; softs ptt eningh tow the Ragin: 


‘Comp. —CusAs0,,Cu(OH)s or 4Cu0.As.0,.1,0 = Arsenio pentoxide 407, 
cupric oxide 56/1, water 3:2 = 100, 


set. — Tn the clo tube gives water, TLD, fuse at 2, colting the flame blush 
ca wong tonal talline "TAA Carrol tow, Sit 


frventoal fara, metalic arsenic which with aaa yl 
set erik the ner mci for ony eluent 

7 ve cute fn is co Oeue 
I cryetale with adamite fora War Fraace: "Abundant ip Corawall. on core 


: we 

il on eryeal faoee Opec ee ao 
Sn Found asodaated with ante at 

me Cua OF AsO. Ortierborobie. Semall prmmstie ena, Ge ER. 


Orthorhombic. Axes a:b :¢ = 0-9601 = 1: 07019 
am”, 110 A 1T0 = $7" 40", REN tet oe 
“on Aon = 70" 8" MLA TH = 0147} 
In erystils usuall oat sat prismatic in habit; often 


united i druses. lobular oF reniform and compact. 
AQ\ Gleavage: (100), Wii) ven ‘Fracture eub 


to smeven, Britt, H.= 4. G. = ieee 
Luster resinous, Color olive-green, generally dark. St 
olive-green, ‘Translucent to subtranslucent, Optically — 
Ax, pl |] (001), X= b axis. a= 102,83 34 9 = 
1-780, 2V nearly 90°. Strong dispersion, » 
WA Comp. — CusP.Oy Cu(OH), or TGu0.NO 110 = Phos 
WZ phorus pentoxide 29-8, cupric oxide 664, water 38 = 100. 


freee Tnolalie Teal on charcoal ‘alle “with 

{he formatin of lent phonphate, whick treated fu BF. gives cryoaline polyhedral Goud 

£04 cooling. With the’ faxes reacts for copper. Soluble in nite bes 

Obs. Libethonite iva rare mineral securing in coctain copper depoalia. Tt found 
a (Let 


ie 

‘near Neusoht (Han Bystsen) in cavities with quarts anocinted wile ic 

wall st Laeard and Lestruth (ht te Mets nines tof Cua Ce 
En the Unlad States trans tbe Chfton Normal daneee poston Car esses 
‘Adamite.—Znshnty2n(01)y fo small orthortonic eral ten w 
cenista and granular aggregations. H. = 3, "G. = 434-435, Fumble. Color 

ole, reseed Bee gues Vio fn pti foe A NOD 
Seatiy tee inn find ep mid 
lor 9 : an 
‘Sista at enact aie ius of Latohone At Yar, France, inching the 
yniction that cbt na copper, have bese cael eceiieaeta ae 


ch 
Beecatn HaNioe OH, cet O. eb ee (OW Ro 
Hees, ‘al weal ries io = Cuprodeactoirite Getic et 


Ciisaus un el of mcidar’ aig fod ty Nead-aino, deposits, 


Eqn neat Eleenanpal, Carinthia, Atria” From Broken Hil, XW. Hhadeda tl ts 


+ = 238. ‘the State of Argentina 

‘Deemexrre. aa PHYO. l, nodular, 
oe DESR Speet eam ramet Rr, Me a 
Carinthia, Austria; at Niederschlettenbach near Bundental on the Lauter, Bavarian 
Posner acre eee ore 
Ate” C aun st of al gro" Optenty , = 205.” Di 
ee ane Aa reels Os with a it of refractive indices. 
mineral has been described from the Ferghana district from southweot 
Seen ees 
a le a 

ae a ue 

wpa gi tere aa 

Tbe” abeuie“SCuO.N Beat, thd af oder the 
= 20k, 2 = 204 7 = 20T, "2V lange Dupernon strong, p'<'y. From the Ushelie: 
Es ey Oi he igen Rp Meg 
Be pT ey 2RO.VO,3H,0 with ree a 

Fornaci —A ‘chrom-arienate of lend and r. In dark olive- 


eal Biase te Oe 

ver Dj, a irhutay ofthe Cong, nothwe of Heese: Frosch Eoctenad Nis 
“Faumeite. Prete’. bat lend ad sop feta ‘onderbontiet "is 

Fanaa y ST 2 ot oot “stag dopeon > <2 Chee neh geet 

From Tratoeb, near tar, South West Africa” a. 


CLINOCLASITE. Aphunteo. 

Monoclinic, Axes a:b zc = 1/9080 : 123-8507; & = 80° 30'. 

Cryutals ic (m(110)); nlso elongated |} & axis; often grouped in 
nearly forms. Also magaive, or reniform; structure 
radiated fibrous, 

Cleavage: (001) highly perfect. Brittle. H. = 25-3. G. = 419-437, 


‘Luster: pearly; elsewhere vitreous to resinous. Color internally dark verdi- 
grit-green; externally blackish blue-green, Streak bluish green. Subtrans- 
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parent to translucent, Optically —. fy (0), ary J a ni 

© camp CHANG atlas a TNO A OLSEE arama Settaxide 
ou (OH oF 4 

80'S, cupric oxide 62:6, water 7-1 = 100, oe 


aan a for oven 
Bhat Fouad te tbe mane a Cornwall Cream, 


from tear Tison, Bevonshive Pr C inet Chie td 
Sie om ‘he Blan i eae ey ‘ah, an ina. 
Named in allusion to the ty 


Chi fie 

outa. See ye nha 18, eta: leptin eure 

fot elea hn 
rity Te uae ae eae UE 


rata alns he Tndle dat 
i tinea Chie: Elin ith cnt ait I ac ral 


fusible, 08 aly ih ra ub rer Ore, Aes 0's 
ad 
Cipher igtitrti git 
cone my Srag 

ing aa hbl ast QutyOndCU OH "Manoeliaiet bean to, ami, 
‘rewmbling malachite in color and structure. H. = 4:5, Fons ae rte Opti- 
ape ae rece 
Rebecca te ptm Lara foe Hat 

Ee rue hy. by nila {not ialen, thoy haves bees aoe 
a praateena Siemon BiCe eer ‘Orthocbombie? Fibrous. Par 
sie eesiaation na Srp poenay He cit G. = 4227, es] 
sentinel ftnth at dint 
Hiss Tobe 


Cornette. — CusPLO2CU/OF}e Dimorphous with paeudomalachite, Orthorhormbie, 
apirfaie Set, hae ee ea ae 
‘y northern Rhodes, aod Katara, Helga Congo. 
eoleennlee 


‘Monoclinic? Crystals rare, small, and indistinct, Usually massive, in 
merle rated Shrove with drupy eure 

Cleavoge: (O10) perfects (100) distinct, H. = 38-1, G, w= 32-94, 
Luster silky, weak, hal hisken olive-green, or blackiah green; 
alters an exposure to yellow and brown, "Streak siskinsgroen, Subtrane: 
Iucent to nearly opaque, Usually optically +. Z| baxin @ = 1850, 8 
1840, 7 = 1 V medium to 90°, “Very atring dispersion, ‘Strongly 

pleochroio; xellowiah to green and dark red-brown, At Lines shows zonal 
ene wit Drake optical characters, 

‘Comp.— Doubtful; in part FePO, Fe(OH), 2E OO, PO, SEO = Phe 
phorus pentoxide 27°5, iron seaquioxidé 620, water 104 — 
toate Same ae for vital, ut lam water given oa nth cle tke. LBL 

jung ely to 0 
bs. — Dufrente mort commonly found ameated with timonite bode, 
Frequently produned by the alteration of tripe. it 
sts pe a ec ance ag Ok 


Wattiain! fp'Hnnee fone Hate Viece at Motors ea ecm, fom lope, 


tr 
farm, ‘Monmouth Co, New, desey. in Hock Virginia. From Sevict Con, 
taiwan Iagrontertamic the ttn pees tox rata y termine betwen 
SINS aod Waal rm Hstoms Neva se early sterile 


PHOSPHATES, ARSENATES, PTC, a7 
da atath Rote ie PSM Fa Cole fe on oe ieee 


blac Trotropie. 9 = 17% Bema, out 
HO als anh cpt fame ont he ohana, Caohaialia 
LAZULITE, 
Monoolinic: Axes a:b :¢ = 0750: 1: 14488; 6 = 80° 14", 
1000 19) = 307281, ee THA TTL = $0 204, 005 


Wee Two! py LA Tit = 82" 30%, 


Crystals usually acute pyramidal in habit, Also mage 
“etn to compact, 
prismatic, indistinet, Fracture unaven, 
Brittle, Ho= 6-6. Gl—3'l. Laster vitreous, — Color 
fazureblue; commonly 1 fine deep blue viewed along one 
iis and ple greenish blue along another, Steak: whe 
Subtransluceat to opaque. - Optically —. Ax. pl. [ (010). 
X Ac axis= —9. a = 1612. A= 1634, y=1 
By = 00". Pleoloi; ‘Xm caleoss, Y= = are: 
Ine. 
‘Comp. — RAl.(OH):P.0s or 2A1PO« (Fe, Mg) (OH)s with 
se ‘Mg(Ca) = 1:12, 1:6, 1:2, 2:3. For 1:2 the formula requires: 
pentoxide 45-4,'alumina 32:6, iron protoxide 7-7, magnesia 8°, 
Beer = 100. 


ai umaly found tn qua or pel vi. Occ nia a 
‘yas leat poar Werle, Belson; frm ck nthe Mela in Styria 
rican tm nao ns Nerd ser leans to Nf 
ere eta i at titer in large i 
Sortie cone Fiat Sa toad sana of Dann, Aitse Gera, 


From 
an ‘ahi, In tho United States abundant with corundum at Crowder Mt, Graton 
Gi. North Carli,” foe sybian eryae on Graves Mt, Lincoln Ca, Goorin 


ai ou fon an Ara word aud, moaning Re, 
Bergeon Ld eho. i nig on Lng copie ben a Reet 
40 ects Colae wie 
COG aCe co ten Nana et 

Buaurrn magnesium, caletum, vin hate. Porhapw 
nclett Of avatocia Ontboruaateaminute while neem, ‘an le reo 
im pl, Oielly + In ha ‘Geeuts on compact beep 

“Kirrote, Cirrlite.— VAP )eANOEs Compact. Th. = 88, Gi = 
308, i 3 a ‘Oocury wt the iran ming aL We ‘Westand, near Naum wert of Carle 


Cake AOAEMOH Ts 1 
loot eet om eeektae ee Tk Gee bese, Ral ae Buick 
ee eee vi Only Se Sidr, Tato, Serougly pleochroe, 


ihek robbery f= alt rion From Rcpeabe, Suan at Rani 
shwent cf Macon, Toire, France Report from the Tite dati 
Taare ere ey Spiel cartes eueget that acne (p70 Wnt 
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SRS ach ee te cece 


sen 


igecis ot Dist Debs outhean ey ames ona eecias ee 


7 


cxysials or tabular f G00. =f G38 hte 

%,. Optically. (6) or Ter ra aad yellow. “XA ut = 
a. pra Ae pt til al, prceseag 
; 


sro nt athe Mose 
Sweden, 


te. 
ph. (010), 


i Rua coer oat 


fant TEe, (Alo 88 tue Dhaai wits mall AY, 


rainy dello (MO, Bem hs Mn Ctl Ph es = a 


alro, Fo, “hombohedral with, rhombohedral ‘los ‘cleavable. H. = 35, 
Eats “ul Calg ott ek Open Stes Ta Seine 
‘isl wh ral Vous nf he Sb ming, oer Beebo” Beton, eat ea 
cexynilling lubentone 


From Nordinari, i, Poli 

Teron hoe es ras ic 
Se oa mens, HibipAnOy | Monoctiste | minute tabular 
eon ‘cay Preah Sate eat wee 


, Normal Hydrous Phosphates, ete. 


The na Important group uiniong the normal hyctroux phosphates ix the 
beet a aa 


ona. —Zosh Ql. Oboe a, ipa, mae, eta 
on oe CMO) erent HO10), goo (001), poor. 
hc. =a. Dame ant: G0 ere atia Ceovaieomt Broken 
de ical churcters "Both warden ze optucally —, nad 3m 
Watetbopeite f= a essen Ince 


Tne ale Meme i Php aoe deta wm tae ye 

tal, Fomod i cas tn eaacinn fe ale mite of Moto 
Niet mule of Ac topl nl as Broke 

‘Ais"Yound nt Saino, ‘Neem mating ditriey Beltsh  Coluabi, 


RaPOnetttO, Mono 


100) perfect, (010), 1. Colorless to pale 
Opty AB fois = OO a = Heo, = Ole, 
7m ols, ‘av = 

Pasahepei, fo ie te ta tabular 

ea wit i 

Bt, G. = 33, Baal cord 

ear ay ‘ie 
itn Et 

ite — Now chiefly, also Ca, Ky Li, Mono 

; falGtal Ys iets 


slike. In tala, veya 
Head Gitte Gee ake Eanly hile, "Color clive: uo olkere gra 
opel Te ph (010). X= basin fm 1-065-L002.-20 mein 

‘Strong eparshit Fz Branchville, Fairfield Coy Couneeticut; leo from 


ie ial aaa arg ame = 48, Gh 
lor waseyler, vel tnorascooclon. Orically 
‘ord, 2V' smal ‘Wri, Faia 


‘Tha threo following species sre related la componition and may’ be in eryetalin f 
Ronali: ~ (Can Ale raz, Tustin esol eeyetala_‘fen a drone 


Fe, oe sac a ey 
terete ee 
sn arpa team. Pete nae ae 


“peal : 5.700, a= 1211, y  P7. From 
ine Fagg, was Hee, Yerend, S “ Pere 
‘Tricine tn ‘een Tolited or Hot ean ‘enon 
Genvagm: (000) perfect 100) goo. He = 38 C= ‘Color hfe 2 
Frcatighteinntinnetegion ont Toit,7 — 10s. OY 
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sn {GAPE Tl, ia tn et 
earn SPECIE, Tales ea 
ae fa eo ; 


, Bas: 
iho veln smcctated vi 
Franchi Kak Both Caluri 
Aeecbrdie Fly Male ey c0.0, Mona 
ous oh e 
lon tnt Opkaly fat, BL (10), X 
Yor a= 1 ek idm ing 


Fanart, = (Cabeh 
eee ers 


ben sae i nbscaoepe 
ee ae ee See 


PO.3TEO. Io ooviontae otal pater aye io 
erty He GO) SE fe Colo inka whe 
ree Ax pl. | i fae xi, sinaicot variable wih 
Holding, Fi oe fe cesee ‘so fre ead ‘it Bysktoul, Oxdond Co,, and at 


Peerage meee ae Fieri aS 
Ibi) 2 = ease To le a a “ 
alte — 


rea Gi Matias tae 
taliise mason, Go Ey We“ ta ‘Nes y erie 
Beith anaen eee me 

wee Hn mann He ciargo. eee 
oF Fea Plocalie, colosiee to yeliow, ” Found an uh alteration peoduct of tsioptaitts 
imi Seneca 


pg ay deed core le Bete wet 
anu ad ro jot oo fm found 


“Frichalate: — Cuan, Sti. Orthodhombe. tu pls ee 
nar? dentrie. Color terignegree. Optenly —. “Spe ea tae 1 
ess ‘2V large. From the Turnisk copper mine near Bogoidovak, Ural Mix; almo in 


‘Greek district, Shoshone Co. Tilo, 


Vivianite Group, Monoclinic 

Vivianite —FejP0,8H,0 tb sc = 07498 :1 20-7015 B= 75°34" 
Symplesite  FesAs.O, SHO 0-7808 : 1: 016812 7243 
Bobierrite  Mg,P.0,.8H.0, 

Homesite MgsAs:().8H:0 


Exythrite rary 075 21:070 coe 
Cabrerite GMa) sf, SEO 
‘Kottigite ZnyAsO.8H:0 


Vivianrre Group inclades hydrous phosphates of 
sida sucka tal ona, all vith gha aeloales router ae oe 


PHOSPHATES, ARSENATES, ETO. 7a 
is monoclinic, and the angles, so for as known, correspond closely, a8 also does 
the optieal oflentation. eo 

‘VIVIANITE. 


Monoclinic. Gryatals prismatic (mm’” 110 A 110 = 71° 58');_ often in 
stellate groupe, Also reniform and gobular; stracture divergent, Abrous, oF 
carl eo tncrunt 
nearly 


cavage: D(O10) highly: perfect; a(100) in traces; also Fracture fibrous 
“Leaxis, Flexible in thin laminw; sectile, H = 15-2, G. = 258 

“S68. Laster, 6(010) pearly or metallic pearly; other faces vitreous, Color 
Jess when unaltered, blue to green, deepening on exposure. ‘This in 
clr is due to a ‘oxidation of ferrous to ferric iron on exposure to light, 
‘Thie change is also accompanied by a definite increas in the values for 8 and 
y and a strong pleochroism. Streak eclorless to bluish white, changing to 
indigo-blue and to liver-brown. Transparent to translucent; opaque after 
 Pleochroism strong; X — cobslt-blue, ¥ and Z = pale greenish 
yellow. Optically ++. Ax. pt (010). X= Dlaxis. ZA caxis = +28". 


a= 1580, B= 1508. y= 1627. 
‘Comp, — Hydrous ferrous phosphate, FesP,0,8H,0 = Phosphorus pen- 
toxide 28°3, iron protoxide 43-0, water 28°7 = 100, 


Ivania of Rumania; from Boilenmain in Bayne in eryntale. 
int Coounentry 


Sis 
States vivanite fe found in New Jersy at Alleotown, and Shrewab 

ll, Glourester Co, (malias). 1, Delaware at om 

tangs in good 


ree 
Ax pL (010), 
Diet oe 


Pas rows arsenate of fers iron, BE OOO 1NHO. Fibrin, 
G, SER ete ay darn nos =item 
Finan emocistel with reytimte nnd nustberste the upper ark ofthe Hon ay 


Monocle. ts tes, of enfant ery 

MAAR Canc to ate Oia 

A = a= Fa a a 
ray sc buiberrite, bu con 
Tax Fram Bambi, Pela, Noewsy- 
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Hioereatie. — Monocinie, Pareet cleavage || (O10) Ex 
cir fuer; atellastlisted. fies te Ce 0. Baal 
emcees scien eae net 
wc srhsy = 1606.” From Ronnie i the Banat and from NogycAg in Bunyed 
Jonahnutal in Bohemia, Cachonavasin: Abo rom Pino, aly = 


G. = 205, Luster 
dull, earthy, 


— im tho elosed tube yilde water wt a gentle heat and ture Bluth; at 
ty lots which ondenans i eryetln onthe f0ol elas end the 


Tins 5 dark: gray or black color. 8-8 inthe foroogs fun a2 to n and 
‘dame light (lon (amen), Bo ara reson Wimnea S0%,pot fae 


Et 
s 
I 


eae 
mT toy eA cma yao Mag Se se 
“he nleration ya eres Fro ba vaca 
ila sane was" Boe nish m Lacie ; 
‘a te a ony ie 


els Grout oo 
Nt Chuluota near Allerton Ltr, France. Harely found tn the Ut Bat 
‘Cabrera, — (NI Se May be cousiderod on» varity of 
annatuegian, Movcatite Like erpthite ia Babi “hiso. Straus retails enor, 
ilar, | Cleavage (010), perfect. " Color ay 1, Optically“. Ax. pil, 1 (O10). 
Me ig a SS am id po Wy y= Vn 2V enrly 00% Pro ie ers 
Gatien, Spain at fa 


at Lariam, 

‘RoLovaarire. A'vaundate of nigkel of uncertain compositian. Color yellow to great 

tah elon: Foud 4 tin bteyojdal erat ot snts in Fen, Raman Theta 
ayo SHh. Monoclinic. ¢ 

ert = Bod NO = 1. Color ight exrmine tal psc iwi 


a 10), ZA € axis = ae me 16062, = 1717, = 
Hii, "Diners, 6'<'m “Coco wits emai af tha cota maine Dane ent Sener, 


Rhabdopbanite. Scovilite — A hydrous phoyphate of the ceri an yttrium metal. 
‘eral y aean inerustatinn Teo. Get Color 
EATS yaa lle “Ualaay fs = 1854 = 1:70, "Fla aw 
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tion, isbdophaite i fom Cornwall; Sent i from the Scoville linonita) ore bea 


pees une ota fil We ei eat, Sle ie 
‘i 


ied manera ees eat eet bans ele posi, 
Shure, Cacah aii Gs conn i io ae a 
crys siavage: He a Soler 
{aged rth peg Tinton 9 = Waa. very onl Pro 
Cotta, Boland bas 
SCORODITE. 
Orthothombic, Axes a :b s¢ = 0/8658 +1 : 0-0541, sae 
ty 120 Fm moe Yaa RATES = IS 


poh MLA I = 278% 8 TILA sit = 05" 207 
esale'ia le pomcaie ‘Alavaschy, anatpSemn 


Habit 
Cleavage: (120) knperfeat; a(100), B10) in traces. Frac 
ture uneven. Brittle. HL = = 31-33. Luster 


usually p > v. sceplns Re: 


‘Comp. — Hydrous ferric arsenate, FeAs0,.2H,0 = Arsenic pentoxide 
498, iron sesquioxide 94-6, water 15:6 = 100, 


ie — I the clonal tobe, yada oeutrad water nod ture yellow, BB. fy 
Plies ioring the fame bive, 8. on eharcoul given arsenteal Tunes and with sods & 


bala ipa Gotars haters Porcha, peat Ouse ‘bur He, Mine Geng 

i Found at ‘Hungo, japan, In the United States seorodita coeurs in Utah 

the Macamoth mnie ea Har i tricked at Gol th Tooes Co nods noe 
‘na ro nn fa la ao he oe befor the 


obi Noted ‘Beet 
iar gi sar eae, 


I ier opty kx 
Pap EE es nF 


Tide manganese 
Gaia ple tater tT Botod Te 


priest a Vite ear Chanteoube, Haute-Vieun; France. 


orig, rely f= (HOO. LORS 2V madera aa 


‘hin axon Ve Coy At 
ete a tl ai ‘ryan from Lise, Cea 
Greer niet eee 
othombie. Tabular or 


‘Meuvaredie.-— APO,3I0, “Or 
gk Ontiaty fae ne || (i) Ame make PTR, AV By <u 
Risramtre’ “A sola th competion AIPO. ZIT, found cn, Neer 


atria 

aan oa the nwa lan in tho eavition Of a vn lo, associated with Ruane wd 
He. —2iFeAMa)PO TO, Orthorhorbie, In mma roplae mam, Car 

TOOI) pert,” (O10) inpertoot. Hem dS. |G. = dA.” Easily Fustle, 

hep ro rai purl: Opiate A Ae nL 2 te 

1G foand St serve! Keaton Houvet Fasoe At Epandat cour Peet, 

Bavaria, To the United Staten at Kings ML Gaston Co, North Carolin By froth 

ala and togon, an Dlege On, Calfornny Tail City, Pesinington Co, South Dakota, snd. 


ce 
4FePO,THO. Monoclinic, Pranic, Cleerxgen (010 
: ‘color rede byte =. 


he 
Cattapare, AIPO.24HO. Massive; warlike. Color apple to emerald-green. 
Fanta: APOcaTNO. Paiapelpire wnvelite, Cryptocrytalie fm: 
usec :pertapetapire wnvelite, C 
H, = 55. G. = 237. Infusible. Color = 185, From. 
Fi cidber Cathars amtieet of Berean Be Bobania of Cacho” 
PaaheureHAN(PO de THO. Aen tanec Cari. Oceun at 
ssi yon Mig Alen, tr, 
Tansee ep na ith ad a 
In wtalactites. “a ‘og ible, Color yellow to ag = poner: 
‘Found in an abandoned maine wt Rosiéres, near Carmat 
Konin ena 


‘Shows variousl 
Viet In 


bares 
Salimonsite, MAedNa ARO, Or 


Ahorbombie wil 2 eoarbs “Gleavahie fibrous tase. 1 ee 
Gelert! tly ieee Aer = = iy 9, tr 
pele sea a ly “Gay Calforsin, ne ulteratos of tsa urn age 


SfaaNtno SRDS I hotel eryaly wth ont 


eed ne sleeve, wet 
throlet X —ark brown, Flight brown, 
$e, Aadencoggit CoM ees meade 
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Acid Hydrous Phosphates, ete. 


CAA }ILO.. Orthorbomble, Cla 
en se stg pueda ney 2G. eee easly 
me Gevalia ah gy “als ported foci, Wit 
inet ‘ile Foret, Hadeh, 
PHARMACOLITE. 
‘Monoclinic. Crystals rare. Commonly in dolicate silky bers; also 
botryoidal, stainotitie. 
age: HOLO) perfect, Frataro uneven. Flexible tn thin. Iuminn, 
=225. G. 278. aster vitreous; on, (010) indi 
ee Color white or 5 frequeatly tinge, ewe sre yh, 
Frassluotut to opaque. Optically —- "Ax, pl. 1 (O10). X Ac axis = 
1583.4 = 1580, y= 150. 2V = 77. 
Comp Probably HOuAs0, 2440 = Arsenic pentoxide 583, line 250, 
sn protuct of late aliortion of tis 
a event th real wat eolah sat wines Wants at Sekeoeia te 
Fee crete se ital icon Sekoedborg fs Saucy Abdfvaberg tthe Use Stas 
iat t Hemea Nese nek Wises the Hc ore ad a 
Cedar Senin ‘sles 
(Marre fo Alco, tr botryolal or globular groupe ‘Named from ddpyone, poten, 


Warrerurm HCaAsOcL|HiO. Monon of vice: femme etal also 
fn inerasiations. Cleayaxe (010), perfect. “H.= 2-25, G, = 248. Colorless 10 white, 


cheney ani Teas OS TAS = 288, Found with pharnaro. 
‘He wt Jose Bot i ‘Also from. ‘Samay. 
‘Braste  HeanO at An ena ele onoste eaay 
sive: Clvrages (010), (301 Waa Gm #2” Baaly ouble Colton to 
ta ie itor Fe ae 
Gzzarom rok guano of Le ve ind 
Indice. Melabrushite ‘identical with brushite. Staflertite in a mineral simiine 
fg bruit bat sl oon ‘more water.” From guano deposits ex. the lala of 
fon, 
‘iariite, — HaCau PO.) AHA). Monoclsict, tn thombie shapal ples, 0. = 2-0 
Tafusible. Colorless. Optically +, f= 160, rt hin epi Croce al 


‘on the inland’of Curacoa, West ding, “Alia reported from Anvonaion Laan, South Al 


‘Hewettite. —Ca0.3V.0.91,0. Orthorhombio, {microscopic i i, 
steer NOO Crore, retires, cts 


inte, Oniely 2 | smaion 1 Bm 218, ym 
Pee Mathsoie, fe dp = ¥ =i "Found wa ‘am alterntlon of 
een Vabeo, Perit Abo Staerve rom Puswdox Valley, 


fweitlte. Comp, manse aa for hewvitié. tn raute tubular orthurhownbie ery 
ghee iow wah ti lt yl drown. G2. Sy 
me Trelaiyation. w= 170 8 = 
Voy X= lit ong rah a re Oe i pepiton 
ie winders i soctiweatote Catan ad eubpate lake he at Pa 

Moatrose “a Grand Gay Tah ete 
‘monoclinic. Fibzoxe, Cen, Cl 

eSNG = 2208, y = Bk 


770, + = aa. Strong 
ina el ‘st mull glanay Kernels embedded In tnetarcanie at Bull Pom Canyon, 

adeonsite! “CAO 450428,0, A dehydrstion of rome. Yellow color: 
Peng er reg a de 
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han 15, Soft and file. Found he wnall venlta in mnvstones at Bull Pan Canyon, 


Ca0.V20,5V,0.14H,0, Massive Fibrous, Color dull green, on = 
‘pag Hey sen acy Beni panlyeltlatn wei: Sec st sentry ext Ceo 
stout 68 fr cat HG on ntang 6 oe urs "a 
hieturally ogeurving inernl Contained aly ‘toot of Water” 
cothe pga era 


Hothle ask" Cherago pros | 10), Ope 
Gi (00) shows iain eainetin ot 1 ee 
do Buen, Pa, anc et ac ‘vnnalia 

a a cleiutn rae They Sauer oa iin 


beet yeaa ex pest ars 
Poe 


te, ~ Hiydrouncalsin vanadate, 2C40.Vi0,9H0, Ax Color 
rem. i nt OA, jan Coy Utah 


te SUNMGOLSIA), leet oontle cone, Crag: (0), 

ri ert Pot an 6 Salpton Coven enue of ats, ty sa aia Se 

anager Hy RH Migs Sip. "Tin See 
i EL, or an 

sin aves setng ore YG, ih 


tabulae 
wists sutfoer aia racine ri Par ee 
arsite at bo 6 fii al 
tr Atria "Seber, HE giao armor cei 
aaa eral rt 
Riera at 


tative ra lon. 
Kerpl nd (01), z= b asia Y Ac axe = 3, am erie tnd 
Rng | Dueinan > a Prom guano on the FR bai at 


wea Hahn a AH, ity Lee 
seater tnt fin Ga GB 2 =e a ge 
ae Sa ee na att ea 
<e Fmm cy Sylvestre or ut Vilate tear Chanteloube, both pig of 
frat viene Fesioe in the Cait Siaen i Connecti at Brana Pirdeld Gn, 
ror Fert Oe liddlesex Co. Also from Pala, San 


onbenia. 
cree oi ga, aes ai cox 


lr from chante 
beg emer the dinmnond mands of 


SAR MHORHO.AMO, A stove" tnd 
Daman, Stina Gorm frst Cole dark hana nha. “Se = 803, 


Basic Hydrous Phosphates, ete. 
EMP OACMOM AIO. Monocle. tp etme, white rte 
dest aint, Mee Bra cle te 
fa a emt St a= Vy 9 = 8 y= 1 Fram 
tema, Me anton a, Orthorhomble. Cleavage (010). 
ie fer acon tlk, Optically Aes p COO mene “ 
Tei. a = £68, 7 — 108. Ks Ont 3 Vermlanit, Sweden. 


i 
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RUCHROITE. 

Orthorhombic. Habit prismatic mm’ 110 9 110 = 62°40’, Cleavage: 
(HO), (O11) in traces, Fracture small conchoida} to uneven. Rather 
trate aie 4 G. = oul, Eaally fusible, Laster vite, aoe 

it emerald- or leck-green, Tere translucent. Optic: 
ee To. Z=caxis, a= = 1808) 7 = 1988, av = 
ion, p > v. 
fs GasAmiOx Cu(OF). SEO = Arnie pentoxide 342, ouprie oxide 
471, water 18°7 = 


inion alato at Libethen (Libethinya) near Neusohl (Han 
stn rc in Ceca input f cotdorbla may hav suc 
ethane to hl esa 
Conichaete: Perhaps (CoCa)rantir Cuca OHIO, Orthorhom 
gay retin and ste, onerl anlage at i Viste 


Pound at ef Stayin provi of Auli ister Ser 
Fron Hinge Cb eis ‘pals.” 1h the Unied Stas at the A 
tres Tae Sst Utah a rptaletrap Tanele a 
i rae, aqua Nad Ho, tly Wigan Capone of 
reste Sar ps 
oe teage aay site tic aes ih ieee, "TW tinal tat 
‘leet na ave “lopartnent of Frei, Chile 
eC Aad ani Oblomelict Fibro Ye sie 
r stones v0 8 Finca 
‘cure at nmed, naar Ola 
Sout Wert Afeca. "A mlecclo sr to Go cl bayhtoniie oxy that I Ke Tos 
fate spinel by eet ih ig a rae Hw i 
fae ROCCO AHO. Monel es neni of epherat 
nt ais, ee i "Clo ei 
ie thal ie ‘Rati. Pom Clemo eat 
tthe Seromlon mis watt Conus 
SN a oni i whi ay, 


iy Aas pL I OI} 1 
ie Wiledne ne fen kn tbs 


eal monoaing (etal = 8 


s Gu wt ur fo We Moose? 
: at enti, 
Te eiobul forma "Cpe senvage’ i= hs = 8 Color 


ior ditt aves of ge “Abst teed eas’ Frm eee 
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—QWARDA2CUORD LO, Onbuthonbiet  Masiye, rmeming als 
G5. Gr aT Lau he.” Cae maar pee tet a 
iby = i, BV anal” og Comal st Day Gwaun tekcard we 
eis, ch deep ue aL. Ans lH ee 
nent Cab, Cones Tk eee a itopdrn| 
tte cormptalla ot. Oribarkamiae “isa eae erstaline gee in 
ira esi i, 


At suany foals, eopmelaly at Kopel nd oo the Falkenatein beat Schwar. 
th, France at Cap' Garonne ‘ho United Statew hos bees foul at the Bassano 
ming, ete, i the Tate diteet Ui 


lite, — 102, Nin)00.AL0,7H.0._ Monoclinic; le elongated i 
i i0tza Stn) toon “eek ge paral 


ce hee 


waka 
a Lethe (fetiaya! and Hoja pear Newall (Ban Bytia)” Inthe Tyra, Aur, 


ted_moencerite 

cree ie relting et 
ret, 

Seen estes 


(CHALCOPRYLUTE. 


Rhombobedral, Axisc= 2-761. cr 0001 A 1071 = 72° 2° 
In tabular crystals; also foliated massive: ih 


ruses. 
Cleavage: ¢(0001) highly perfect; r(10T1) in traces, H.=2 G. = 
24-266. Luster of © pearly; of other fuees vitreous or subadamantine- 
ae Color’ emeruld- or grass-green. to verditris-green. 


Streak somewhat paler than the color. ‘Transpar- 
ent to transtucent. Optically —, w= 1632. = 
1575, Determinations made on material from Chile 
that had been Preserved in a 


ele uh ae and ge wre 
ee ei tee ada 
Senn a tho Srey at (in vena, Var, Panee AP eB 
Sel a deel an a ae a 


inhi, Cochise Co, Arizona; at Mie 
Ge 


‘eva ‘ 

te, — Fein WOAPARMOUO.. Trice wanoelin, H = e-4 

Sp Bi, Col exci Tie Conca fe 213i. 6 = ta 9 fa, 
a. 7ks,trungtnpesion, » <'_ Ocour an an rystaline tne 

fa the Manat, Huigary; alba’ epi from ‘od’ Vanity "Wren Beate Wt 
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Rhodesia, with monoclinie oryetals; thie occurrence may, however, be of arakawaite; bee 


‘Reakawaite. Kipushite — 4Co0.27%00.P20,0)10, Movocinio. Blue to Ui sree 
ioe US-T-HeTives Arakawa Province of Ups, Sopa e- 


Orthorhombic. Axes a:b :¢ = 0-5520:1:04067. Crystals rare. 
‘Usually in aggregates, hemispherical or globular with crystalline surface, and 
radiated structure. 

‘Cleavage: p(101) and 1(010) rather perfect. Fracture uneven to sub 
conchoidal. able Lage G Seno n Mec vitreous: 
Sees a tas aoe cio cig es eens 
gray, brown, and black. Streak white. Translucent. Optically +, Ax. 
FL {doo}. 2=caxis, « = 1-525, ‘SH, y = 1552. 2V = 72". 

Comp. — 4AIPO,.2Al(OH),9H.0 = Phosphorus pentoxide 35°2, alumina 
38:0, water 268 = 100. Fluorine is sometimes present, up to 2 per cent, 

rx, tc. — | cof much water, tho: of whstol 
oa eetat itis reais ten 
fa hyochipne sed a ais in conte potas ava 
ees i til then 


12s fsouly You ino bal pest ltbonit, an eccure with phoma 
‘re beds nite and occurs a 
diya "Though eon in toate Wis edo Found inne i oceae 
in of Cecchoslovakia at Use ueaghboring Inslitie of Cerhovie ud Zbirow, southe 
wrest of Hemun; nt Kapaikbanya, Rumatia (pmicite) in Sascoy. fram Franken sd 
Ferengi hort tae fo the it, AC Amber the Ott evar th 

Taice at Montetess, ‘ith amblyponite. “Wavellitve wo orlgially deseibet frou 
‘slay slate ser Bartntable, Devonshire. “From Co, Cork, Ilan. 

i the United States wnvalite ocour in m number of foalitie ix Pennsylvania, 
cially at Hast Whiteheod, Chester Ca, Moores Si, Cumberland Coin dusiate Co. 
In Arkatwas at Magnet Cove near Hot Springs, Garland Co, n fine stellate radintions of 
Uight'to deep areen: color; alo from Montamery Co, 

Foscnaeg APO, AGH. 24110. “in eal roma creas and in drany erin 
tarrenton ff ot wma Clas Hapa na cs oa ote Tag 
burrencon ia mt hese, nw * 2 
steal and the cena taineral may: have bee wvelie, 


TURQUOIS. Turqucinn 
‘Triclinie. Crystals mimute und in angle nenr those of chaleoniderite with 
qs taay be emotions, Unully masivo; amorphous or eryploersatal 
line. Reniform, stalactitic, or incrusting. In thin seams and disseminated 
grins. Also in rolled masies 
‘Cleavage in two directions in crystals; sone in massive material. Fracture 
sal concholdal Rather brite, HL—3-0. .— 26-268. "Luster sane. 
what waxy, 7 lor sky-blne, bluish green to apple-green, anc ans 
way. Streak white or ereenish.  Fecbly subtranslucent to opaque. Opti- 
+. a=16L 6 = 162 y= 1°65. Strong disporsion, p < v. 
sebeitig & in Mamie dani ere ODD. 
EO or perhaps Hy = tox 
ide 3412 nlumin 86°84, cupric oxide 9157, water 147 = 100. 
ifieh! considered that 1, (COOH) and Al(OH) Inco in 
Ep aaa ee ey Ee ape 
.at Ta’ the ficepa Vecomen brows ad hewmen Hlawy appnoce but xe Sok aoe 


DESCRIPTIVE MINERALOGY 


portions of » porphy 


"With the dese rscta for copper Boksbe in 
‘Obs, — Turquois is « mineral of ‘origi, found in Uh yeaa nid small masse 
fn various rock fypen which have undergone extensive alteratlon. poe 
Dphoric acid has hoon derives! fran original apatite in the foeks, wt tithes 
foanie remain; tho alurainum from the decemspaaition af the feldspars cope tes 
athe iy il oa a in ee in the 
feria Vuryuods oecles in narrow seama oF 
or stlhie trechytaamocind with lino, fa ia 


bothern slopes of the AlPSflres-Keub Mua tetween Nishaput and Me 
roo the Shit Reinet the Waly Mahar genio visit come, 
‘{orkaralion: tn Benpolatinek, Gibria. Ales tho Kaesajulwe Men, south of Semuehh 
an Aa inp variety Zou ln Sle at Joranmhle slat Ste adm 
its In Votan, im porous mashes wt Montelrag, Cre, Fence. 
itt ‘Pete Sates terqts foveal saa poe Stan, Campbell Ce cla 
fu eryptals fori wpherieal groupe. Owes In the Law’ Cerllot Mtn, ao 
SF Ta, Now Meco, i 0 


neh altered trachytic rock; the daporit waa. ‘early, mived 
‘and vidoe ad ewewst eur ue been rand exten i 
‘hist Nw Mexico tron th Jarl Miz, Dots Ata Cots the Burro Mas Grant Co- 
‘A’pale green varoty frum Columbus in Eiveralda Ca, Nevada: 

‘Natural (urquols of inferior cotor ia often artificially treated 19 give it the tint desirrd 
Moreover, inuny stones which are of hye a! oe: first found retain the color ae 
Jong ne they deg gigrorcan tong irq ay ‘become # dirty green, and iro of little 
faite” SALA of te targate (se eft ae fe jewelry In former centuries, se well 

pa ieee ie to tds i the ny rk ety ‘oles 

hn dy, whch mil ben, oth, aired ym of 
is rgnate rain becomn Danilo noe wicrucope. Mareotesteve 
lan destuiteaed Cy hpirocorts ant pivera Sos thes ole ohh en Et 
frag a neal 

Vausite. — Fe.ALO.-P,0,6H.0. ‘Triclinic, In aggregutes of «mull tabular 
Yam y= Ping. VBE" "Daperion Se Re na: Shri toe 

Fag! we p> Strongly ie, col to bloc. 
Gceaty om wavellte at the ti ininer of Linkggna Bolivia 
Prenent “FOAM HOLEHO. Teele, In moa yamtle 


orga, Per 
CaCl eB 

ise ho eng a pe a 
Gerdanite:— Ago: Al0 ‘Titel. Crystals apparently alll t'theve 
‘of pmraynuaite.. In clear, gina rahaped ryan th Perfect cleave 


raid to leat of peal Ba sgh dm 
FEA th yc. pope wee om nat Pair ak oy 
Tescuowaventira Faentially «hydrous, phowphote of sluminum, a ealelum; 
meiapeiCoOOAOrADOcInitG” Rbumtotdeh Pytenky 24 gis tam, 


Occurs as 

ie ti Tonite and wavellie nt Artsérg, Bavaria.” Alun noted 

ih, ‘werd MRM CANO. AMOI, ‘esraonaltPerent bial caavuge. 

‘Foca light green of bhi green coneretionary Inerustations in eat ‘ees 

ti et Fr Cl Val ie = 28h Ua ww TO, 
Soununae trom Mlontehran tn Sowans, Crwuee, Peace, ngtees 


eotablyidetiel nih ware 
‘Sphaite, — Perhapa ea (Ol. Grthorbontia. to lobular dry. comer: 
rsa, Ont 
Uakegrat ee Sari com 
ayers, I oi0). 
mi, 7 iin ne eet 
“Bvansite, — 2A1P0, 4A1(OF) 12H; hows. Massive, reniform 
a Erp 2AO AANOT 12410, Amore iyi o ote 
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States bee hewn tint tha Coowe oon! Geldof Alban anil fowe Coldbarg: Caste Oe 


= 8AL0.2P0, 1010. In Sbrouk erusta Mille 
ae ee lS A et 


crystals and Clown 
104), (101, G. 27. Coloeas 9 white, mae ph 

a Phew = Tigi, pm ty = tas arccn 
etiansik Sticon, ai too Westaih tise nour Mla wert of Cathe, 

‘with other phraphetaa Aloo trom Bollvia at Miachacnitaren ene toe na In Oro, 


wee Nee tl sino eng Beniok 98 Waele wee oat Spe 
amatuer BANOS OeHIO pact, masive. CG. 204, Colorlees to graylas 


Tinos, AALOnSP,DLAIUP, | Compact inatnetly cleavable. Cl. ~ 210. Color 
ie foaulitee 
rasnrroure me AA a et maa dat Massive, 0. = 309, 


Mpouvire, “eg, a ae dered mi of ean 
mls wih polar, derive rm onan ‘Fram " Grotte da 
valley of the Aude, Franco; ere fn Ne Sia Wa Wales" Teéanlon Inland, ote 
Vanhe eave. — AAW, BPO. SBT, = 23. 0. — 10 Color white 
cx yellow ta ri-trown oe loeb len oid 10, Fibers |) 7-5 From ion 
fue, Vaabogy near Suck fy Gm it Slovakia, Geecbostvakin. Reported from 
‘Munhattan, Nye Co, Nevada. 


‘PHARMACOSIDERITE. 
Psoudo-tsometric-tetrahedral. Commonly in cubes; also tetrahedral. 


Rarely, granular, 
rane Par eg ergs Fracture unoven, Rather seetile. H. = 


35,0. = 2058 anauting fo reer, nok very dine, Calor 
ve grnes- oF eqnerald-groen, yellowish brown, honey 
i Sirk Seay dite es ae 1008 
ranslucent.. Nearly ltrrign = _——s_—> 
ih Denia a, Tato Masta sag mT N/ 
ng vided Tato Waal sqgmente, Usually op- 
Very st 
we bep, —ethape AFeASOC ats 12ELO = Are 
sonia pentoxide 43°1, iron sexjuloxile 40-0, water 16°9, 
= 100, Some varieties contain KO. 


Fo hey edema ka behewnmys \ 
pois oeneremnas 
from 


ki of Cn ‘Centra Ta'Bayaria ele Sema? 
eh ae Fee Dt te eet Pi cise: a per eeae 
3 Unite stator found wt tho Mtns nit, fie dnet Cian 
Semel tom sd eigen 
Tadianste. 


female, Qteur in 
‘coo ate. SE ST Matte 


SF ce ae ee ee A ties p= ha 
Shoedy anasto ladiaite nod probably identi wth % 2 
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ut Cun pal Peg 
rm Hoge ere gph ih ith FeO, Mu, a oe 
tines Tn thin oes sh From Raber 
car 
2FePO. OHIO, Monin, Commonly x dnare 

sad ln bul nd ert Cage Pr itiody Main, Goel fa dee 
fie rommtoritk towered. Onteay Me 10, f= bar “Pte 
Ena oo Bera 

the Hear mie the Dur hae swe an tthe Totsufcen en 
tear Welder ri lel Sate oud Peng 
Helin men Norte oy ad a oor Hl, Curl ae ee ae 


Pe ieeaeaes: Oxvexmricnmvern, are other hydrated ferric phosphates, 


CHILDRENITE. 
Orthorhombic. Axes a:b :¢ = 0'7780 : 1 0:52575, 
mn 0 A HTD = 2 4 1M A AML = 105" 0%, 


we, ASL A 18 Br," HBL A Tat = "0" oo, 


Only known in crystals, Cres a(100) imperfect, Fracture uneven, 
H. = 45-5. G, = 318-324, Luster vitreous to resinous, Color yellowiah 
lita, pale selon own, brownish Bink, ‘rea whita to. yellowish. 
Bea any car: a Blain ot 
an - = = 45°. Dispersion strong, » > v. 

‘comp.”—Ta general H AIPO. Fe(OH HO, Phosphorus pentoxide 30°, 
Pay ‘222, iron prot water 156 = 100, Manganese rmpliices 
partot the iro nod hones gradusten nto waphocee 


Prt he keg of neu wate, Boel wp na i 


Peal Tins he mas i 
Shara! tures ria A ne manne” With aa gives alin Ge sea 


i 
With horas and aalt'of phoephorus reuets Yor sron‘snd manganese Solute 


an uv at Greifeustin near Ehtenfsiederwdort, Saxony. Praoy tear Tavistock 

ican inDevonahirean in Cornwallakse ote ‘vai i Hebron, 

sn, a uma Arp rie ero thw = 

lone i a Whiigto elon: “Optaly CL lhe wae nag, aur heetee: 
"dood: Ferm Zed ete ta fr child, fu con 

mira (a 


iron, In peimitin crystal” sno trace “Che 
tes, Tudble, "Color rowepink: ya, te Dray I oo. 


- 
icin, Farhi Caw’ Cpt MN nd Meck Dea Ca Pe 
Rage a es 


aes hs Mee Se cae 
wie tia ie en 
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Caleioferrite, — CasFey(PO,)cFe(OH),8H,07 Monoclinie? Occurs in yellow to grean 
podulen. Cleavage (001), arte Serie" ghe'ss. Elly func" Neatly ne 


apie ae ee Gee ee, 
= cn ar ge 
sorts Se ee el mae 


morph tivurlnelar exci en ae ality te 
ane are I ty Te 
nlgble a Hydeachlore bald. ied in clay from gad (Fapat tn tho 
Hie Teor 2 Cd the a mand a 
Calor yellow. From Hchell, 

LIROCONTTE, 

Monovlinie, Axes a:b :¢ = 19101: 1: 1:6808; # = 88° 33°, 


se", 110-4 TO = 105" 0 10, 011 = 467 10%, 
DORA OR 2 Aig Boe, HA Ot = a 30: bet 


tale resembling thombio octabedrons. Rarely 
granular, Cleavage: m(110), e(OL1) indistinct, Frac 
Ture aubconchoidal to uneven, —Imperfectly seetile, H. 


= 2-25, G.= 29, Luster vitroous, inclining to resin 
us, Color and streak sky-blue to verdigrisgreen. Op 
tically —, Ax.pl 1 (010). ZA cnxis= —25°. a= 
1612, B = 1652, y = L675, 2V = 67°. 
Comp, — A hydrous arsenate of akurainum and appar, formu uncertnn; 
nnalyses correspond nearly lo CuyAl(Ax0)¢3CuAI(OH),.201,0 = Arsenic 
pentoxide 289, nlumina 10:3, cupric oxide 359, water 209 = 100, Phos 
phorus repinoes part of the arsenic. 


te. —In the cle te givew much water and torn olivegroen. B.D. erache 
Ei ign not docs ies ew any elven to av ay ang om 
cack open, iy a ea arte ke llvete.” Ral Rtn kd, 
‘Obs, — Foul una ouineral of econtary orjgtn tn copper deponis,neoeiated with winle= 
thite ete, Innate eryetla from Hirreurod (Urveey}, north of Nett (Hat Bye 
IHS Kora Cabri With rai or of Sopper in Coral pe 
nd van 
Ghenwrate. SCuO.FnO-AnO.2H40. Cerplecytaling, Mamive Lo. oipac, 
BSS a9. Haale” Cor dae grea to. eich yl. 0 = sk 
Peitarwonlie: ' hytiaie phenalt of afeton ad copper. in troll bur 
ever rate 5 

ta ae Cog tri Hr ie = pd 
Cherueite, — C01A}0,, Anesth. Compact, made n a, 
G, < 28 Coke, tarquaieidue” Sahle ia hdd. "Prom Hines, Talal’ province, 


Chie, 
—CUOSFe02.0,98,07 Probably Imaorpbout with tenia 

“Trilinie, Im sheafake eryntal fu insiationn. Cleavage (WO). Mk 
GOSS Ruse Gol Ig ically. ne | IES st 
{ih ato ben nese ale om asker, Carol, "Ret fom 

‘Ast ldo rota Corsa anak thaloiderte, 

ehocte. "A Ret poopie saunas se, ee Atom, Mav, 
, S24 faoueopie n= [6 Prom Golenn, Latrenct Co, South 

Dennison: CHO. ALO, 20.0, 8110. Tecngroie in bint Hite. Pess 


fect taal dowvige. Opiially = 'u = T8014 = | Boi. SOcetrs ot wblln crue 
Fegetat nh paceman, ths phitenn om er Pal, ac, 
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‘hear 
Vial AB Ov ITH, in whe Sere iss bandh 
Hie Ttientely sicisted wih wari a Uh phophata Soule fee oat 


ite. — 4CnO.Ky APO. MEO. Probably orth 
). a= =~ ra Cres 
Pea a eR ag BIL 


Lehi, — (Seige aayo,aro.ra0, spat comprned of 
BO ra AeA 
i “58 G.= 21. Blas, Yo) = 1616, m. piben 


Jewistnite. 15CAD.(KNAWOARO.SHO. | Preudo-bemonal In stout oe 
w lel ‘ix binsial segment with ‘aciaxial 
hic ay shown es omen ofa sil wena wth rarely ah 

rie! i 
me ats nodules from near Fuirfield, Viah Co, Utah, 


te 


{Ma.tsCuAlOiPO)gHO, ” Monocino,  Cryvtals tabula, 

Cleavage = 4. 'G, = 24." Color brown, = 

2 he ow BA cio 18g ra in 

Peet paket ie a ad oe eee 
Uranite Group 


TORBERNITE. Copper Uranite. 


Orthothoubio, peendo-tetragonal. e= 2074, Cryntale um 
mu re Teller, eucetinen vary thay ngaia itchy Tae shen paca ANS 
li micaceous, 

c(001) perfect, mienosous; (100) distinct. Laminse brittle, 

Sraah Geos ator ae rade elie ew ee 

Color emeruld- and 1 and sometiines leck-, apple, and aiskin= 
pale than the color. ‘Transparent to pubtransiusent. Op 
Mel w=) hited = 1582. 


uranium and copper, Cu(t 
alee Ne le 14-1, uranium, trioxide 6, rebel 8 
“Arsonic may replaow part Of the palettes 


Innit at car ei taken ith t 
nae aw "AQ Gertie place with formation of mata 


with XEO, G. = 208 v= 1003, 5 
pally +f "Ue ib re — for bie tight} ientropie for i 
toa he chee ert oe ah a0 


ranted iba 23 ka nn 
eee With malt of mith on 
eee mate chanetll gives itis aton 

i 


‘Oba. Occurs stncated ert “hte ec nats ieee 
Prom Hotwen sath ae 


a 
SiGe eet wee ry el 
ae 
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Bohemia of Ceechoulovalla at Joachimetal and Zinnwald (Cinvald), Originally found 
‘Sehneeberg, Saxony, Ocours ate Tintle district, Utah, L a 

AUTURITE. Lire Uranite 

Orthorhonbic, In thin tabular errata, nearly tetragonal bn fora and 
simiur to torbernite in angle; also folinted, micaceous, 

Cleavage: asain ao (28), (O10) ant (10) Laminee brittle, 

= 225, G.='S-1, Luster of (001) pearly, elsewhere subsdamantine, 
olor lemone to sulphinpellow. Streak yellawih. ‘Transparent 10 tune 
Hosen Optically PL | Ol). X= € oxi a= 15S, Bm 
ot y = Lb77. 

Comp, — A hyitrous phosphate of uranium and calcium, probably anlo« 
gous to Tct-torbarbit, URN OEE ‘or CaO,2U0s.Ps } Pests Phos 
Konus pentoxide 16°, uranium trioxide 627, line O-, water 157 = 10, 

we uk ee 
Po ed poncho ek 10 and others 12 molecules of water, but Ht i Hot oorkialy Chat the 
cS aahusely of eonar iy el” Slated ith rile 
‘nd other uraniim ininerals. Crogtine with silver, Ly ‘ores; ooessionally in 


lites. IL js found it Saxony at Jobanngeongenstadt it Fathonatein, and Soh 
tele Ty Preto a head ate eae ne Aun i ane 


che Father Portal at Savi poutbeat of Coats, a at Vai Ya Cop 
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Vinita Staten venue i era Poasing In patie Mihdlowowt, Adler 

hand at Rell, geld Co. Hoa fan ff" i the 
tne ngs of ily, South Dakota. 

norte Saas oo cutuntn Riowoellan p= TT 

ont me bie mi a I, hee ed in: un Gio” “Cana ta ge, fine 

ally ‘onxie = 

ith TESON Fran the Bat tly Coronal erat 


Ur Ra Frabab Ca(UOyAmOr8H, Orthorbomble, pasudo-totragnny 
In thin atatar sal eg hie gst, renee 


1 aide, "Calor nakiurgreen. Cipteally —-" Senay titisnl in ouige 000 of ery 
debe Man with 2 = aaa Us ceuter of ergstaln” XL (0), ae 
Trai, From gear Nouglial, south of el eam 

Meanie Yat OusROrath 


scien ee all 

hi ugh se es Cla hy a RE 
al gee ger ce Oh es a 

Coy cree cia ea oe tah 

x Gorton” Peviotay eonaldere to be autunie 


120, Vi) 2H,0. “The arnount of water is anoertain: 
frees rt a op ES a Bp 
\yallewe'19fe208. 


Ei peter tae ryegrass 


her net on ferent tas ponect at he foe tne sol nou ofa 
fata oN tn Hl meaty, Bout Austin, fn 


imal poe Neat Bauch Chunk, Custos 

He ne Sr te the Ca ator eniiO. he wate 
poten gh eek i he ee ee 
Getoeonibie In seals OF org, Cana Para] 
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— 1Vi0.P.O).51L0, ay val, pnt tale tabular || ¢ 
Cleavage aacnrote.t jan tee has ewe 


on pe utr, il ll ine 
ere rere ae earns 
Tellccs sight. iighee in hat silo % cial “ah amr 
f tn a ten 
ve fo note a Ofgrny-green. "Ovele in’ lilek tapluoitera alte fore 


“Stuart ORO (riggs Pints hitrate tabular seyetal Ope 
anise I} (100) oe; colin, hk Seb, Optienlty: tt 


100). Vib, a=W a inde cena) denen a ei tm 
fe erin etme te, bee 


ewinitite, — mn OUD. ies Sar. ‘rystale short, nutter 
in mnie plats (O10): -Gr'= 408. Hiontien cot, low. Gpucally 
Ae OO. = ETN BP y= 1708, SV Inge “Senate ion et 
grown with Lorbernite st Mish ad ‘tanite is the sere mineral, 
Duwontite, — ub tOenaea I yar: "ria ht a 
gua poral wo 030) Oneal ett ee wh 
Yy Eh yellow, X = pale yellow. ‘round In pockets tn Tovbeie from Chinkolobwe, 
30 ea — Lah WO, Oe. ki any ‘ow trie! =| ot ule ee 
tale true erty “ny cra Tompicl G's tak Hed 
Fusible. Soluble in anita. °Viekls water in C,'T. Colne palo brown. Optically 
Thy = 10 “Atel with torbamite nl Ready Sesinnyar Nagas Conga 


Rar ey er ceeaed 
ines Rete SF Ho Bly Py wg 
Ss erat Sha LEH, in thin dee of baler Protuhiy meno. 
ie ie ‘conse, erie ifs Opty ee pieiea ae 
vai a0, FN 0 ‘Gnisrtenbis Ying grunt. vo lesa un 


“Ealoy brewelth gel es elt ae ais eS 
EE rod ernie We ook naar anit Hk 8 stl iat Ba 


Forghate CVO sGHL0, Tuna One vere eaage, toma. 6, = 2:8 
oretiiryg: Wisa 1 Sadiomeod ietigute ore a aes hove 
ip, — Poabiy aOeSBHD, 2A Pine thinset 

Ay POND), Union, 187-208 Occur ad Riad 


Reid 
i fe Tol hoes Co 


‘eer 
SSO Incline aang tions 
wipe ai ‘ta a eee 
Soma TS eo yall 
calor pli aS ‘ings of brows. = 57, Index ioe "Found nt Marston 


ite. — A hydrated base armenate of capper und bienrut vil, 
bee it oe vest lott, 


SFF 


‘A number of sintimonates have been included in the preceding pages 
among the phosphates, arsenates, ete. 


Bindhelmite, —A’hyrlrous aitimonate of Yea, A renifarm also earthy or 


tnerusting 7. A roauilt af the deoonpo= 
Yon of Sole of the rae lartunt Ioallien for ite bceuereica co: 
Revlon in Tensile p Gyn the Shere Altnareen nent Aullagiu Muree by 
Como epecily nea, Hnetlon, frm, Dist Naor Conmurniny ite 
‘United States iu AN alta at Silver City, Peutington Co 


CaSO, Proatosinimtee 
rh sant awe oh Gre dee, Calor hyecin 
ee 3 mm Toc at Maran ieee 
een sho 


aenlee 'NaleCashOy Tnometrie, Ovtabedral habit, Cryutals minute. 
hate swoelonn Houta irl piel stv with en, oad te 
nepal | Color honey resus brows Views to adamantine hiner Fou 
‘at Langhanihyttan, Verran, ‘ven, In rmitaeive hematite, saiockated with mangenophyl- 


Me renocbrgies— (Cie) SQ Imnnetic., Otaedral ib, Octahedrl clos 
e . Inbit. Octahest clea 
H, SOR Gee bai tlcoerpalan Neate Adeauetine luce, pm S00, Atwsee 
tad zt els man calles ee, from Seinoabang Trentino, aly one 


ripe RDA, em 
epost teascan's 

eer poy i it, VeySth In interes li Sef fall 
we Loerie oR EES gt 
i ie. r pea an ‘Te aise en cae } 

% 


bet a te reaatarct 


ve and ia is Go caent Bal Eee hatte Color 
seen 

sith, Verna Sea ie Harte rine at ‘oar Por i 
Ken tei. He te al Ca ae aia 


ol Sintgy at Seif, Pinal Cave Arteona. 
‘onertanite: FCI Awe Hexagieal, briemtie. Distinct pyramids elon 
iG CM ery ta ek in takes steno ive ana. OM 


= io gtd erga ero i eevee tela 
te Prohaly Thy 2H a el eye ltl diver oe 


Cote rnicachon. fren Peltarg, ot Penbws. 
ite nCuQAnOn in tall Bhul es al arpwinic! Taal is 
syrah Colepe, 


pai ett Bat fe Dunes path ieeeeay 
te i dried 8 oer te with the fornuila, nFeO.Py 
Thin ie 190), Si alee 


Mt 

Rrra oteuornal ery, ‘sal Gaba eset poke 
to re-brown, Optically + ema ‘of Czochiuslovnkia at Pernok 
Rordhweot Of Busing whit tv att of Brat 


— 4PeSh), ce thy, Calor Jenan-yelliw, 
ve Here gr teneate,t 
tale minute jobulur parallel to W010), Perfect cleavege || (100), H. = 55, G. = 45 
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Ax ph J[ (10. p= 105, Pheochiia, 
Stet, anh elt Ast th P 
8, Gets Color back, i a "f ow UP 2PL Prom , 
Lonnie scx TOrdahO,. Ls muta yellow to brown Jeometric oclahedrons 
‘i it =o, G.= oh ‘tally Tun n= 22. From "Teipuhy, 
Situated a relat to lwiste, In dake 


ren ern orton cl, Nera Sin. 
He ee abdul anitmone cf oeraryy forming amv earthy mam Chile, 


Phosphates or Arsenates with Carbonates, Sulphates, Borates 


Dennen, — 270, T0,2804 12010, ridin ve moet Cota hea 
it Toate piel ot oot OO w= Paty 


erat coed ‘get aim bt 
cor yellow. nw W18=170. “Phurta~ 


at Aac ew Ci P Gatetal main Ot Saale, te Prana ise 


Piticte, —& hyslrtd tao er on, Apormigin Ren 

cea Copel ttre snl ia peas Gee 

TONCiaS, Ae alertin it rom, fnnopyrite. 

fom see ei Su ie Uated atone Tae det, Via, 
‘at Wedrutbrand St. Suet. In the 

tnd at Manhattan, Nyw C, Nevada. ice a 


ae ise ier stne mn en oh seme abit Pa eet 
a 


Sragheron,—28e0 2AL0,28OsF09 S010, Inshombedral ryt, Bam it, 


Py et Ha i al uci ved nde Tae ent Po 
ieee arama irae near Nam went of 
fit 5 SebneetcLaloy, France, 


fae Cor white. Se 
“sh Faure ea Tt “Trot i 
2100 AAO, 280 


at 
in 


lean 
% ‘Color wre fo be ti cae ‘and black, Goseatly 
baw shox Dal mont Chee oy 
tt hd Ze Beach ne = 


se Orthirhobi, 

ASO nial 

Cor bowl i yi ake tien. 
ets 2 ‘dispersion, p>. 


Lintachacis.— Rertane S50 000 201A O TE Probably monreli 
RES Sie ae eee ts 
yee ny aR eg aitesen, Sancta, Boris, Ceeho™ 


Lanshargte, Oe LO, Probably monnelinie, Cryatale in, 
plates, Yr ater ate fibrous to earthy structure. G, = 208, 
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=. Ax ph || (OO), w= 433, Be PD, 7 = 
ee OS eye vgzhape 3Mn0,(B.0.P.01) 

3H) “Otome, Tt mall alee ental iisoreactee Prugane 
low t3 winezalow. “Gotcally + AX: (010) se a 


Yea et rc, Ma 
Cate Nebo, Paranal, a 
‘ration ¢ Mice ind sone eret ray Ta as 


eae Tale, Sl Te Chine nite tran hater 
A THe, «= 1063,” Pound at Franklin, Sumex Co,, New Jensy, 


Nitrates 


‘The Nitrates being largely soluble in water play but an unimportant rile 
in Mineralogy. 
SODA MITER, Chilo nltpetor, 
Rhornbohedral, Axia ¢ = 08276; rr" 10T1 A T101 = 73°30. Homovo- 
vis with calcite, Usually in massive form, asian incrustation orin beds. 
leavage: r(1011) perfect. Fracture conchoidal, seldom observable. 
eect, H, = 15-2. G, = 22-229, Luster vitroous. Color 
white; algo reddish row, gray nd lemanerllow. ‘Tranparent, Taste 
cooling, Optically ~~. 5874, « = 1336. 
_ game. — Sodium aitmate, NeNGy = Nitrogen pentoxide 03'5, soda 3645 


—Deflagraten op, eharroal with low violence than alter, causing «yellow 
uo ie ius” Coch Date inter Yew. ae in tee para ob 
‘Soave in grat uot i the diet repo of ther Cle nara 
Sean jt ney 20h tah 


ee eee ie Cale Sat Baan Co and coher fa 


Ne A seurse of nitrates, tn in Chile ee ot great 
Bie Gora toner es Ae Taha. ene Se 
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"beets. on fh urtage of ip earth of ve Tor body 
certain cla Sdn aly, ‘perniay aod Ko expectally Sey bt weather 


fenalna, 
tle. Tt oxeurn in Cle tn connection with the pda 1 inte Uaited Seated 
ee ee Ee mt, "Netnmueny a the batt val in gener 


Nitrocalete —Tiyifrous ealelum nitrnte, Ca(NOlonE0, Tn effloresrent alk tulle 
‘and’ mamen One perfock cleavage. B= 80,” In may limestone eaverns, ah 


oun Taal ie Sie 
2 ey = Fa GV 

— Barium nitrate, (NOs) Txcemetie-tetinrtobocs 
Stet ater. nS sor Pein Ce nl 


From 

‘Gerda — He rc at, Cu(NOn COE Js 
‘Closvages: (1 2 

ST A Te ae 


ences 
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1722 av. Pleochrole; 3X = 7" = green, Z = blue, Prom the copper mines 
Facute, Arion Snowy Belgian 


io Tota 

a ee 
tie foe 

frinute fat needles, G's 3. Calor ali extinction with locaton 


(em ett aw bretrinaese. ou in cont of eutectic ative 
Silene &: Hyfsiad trae of inamorpion with butigenbitte, Tp mitute 


ae pL P50, « = POA. From Kalangs, 
— NaNOoN Mons. agar ala rea 
My iy Pac oe, Yomi Une te ener Clive, Ope 


(O10), 2h cain = ito fae PT y= 1 


ae nial teal probably ® minture: 

Lautarite, —Ciloiuan iodate, Ca(1Q,)» In primnst veolarlens ti 

marasease Be dr ess tee: As 

We WOO). XA axe 25% w= 1700, f= 1840, yo PRS ‘malta 
irate ‘of Atacama, Chil, 


Cache Monociniy commonly fibrous ot columnas. Shown 
Prd strut tating, ina 


Oxygen Salts 
5, BORATES 
Tha sesilnstan, fare ete. on et ta tha tovateg Masa Baie 3 totro- 
ng the oa he th 
der en hata the mpelen the Spinel Grp pp 867-48, A> 
SUSSEXITE. 


Probably orthorhombie, In fibrous seamns or vein. H. = 8. G, = 9:12, 


Luster silky’ ly. Color white with « tinge of pink or yellow. ‘Trans. 
Keont, “Optical —. Fibers |X. a= 1690, 9 = 00,9 1712. 2V 


augue proton a agneds 156) watet 88° 100, Here’ Mi 

(dn) : Mg = 3:2, 

Bsa hc ra ig meee ota et 

BL oboe re te treiaree aa 
ein Kydrochlorie cach 


‘il, ‘Furnace, Sussex Co., New Jersey, with fanletinite, 


ies 
Pay ATi a se eo ae di 


‘BORATES. val 


ee, renitanee tO. ation iene oe era 


ve 
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oludwigite, — ‘The the fue 
recon ea al pe enn lof he Las 


Mi: ‘dint ye O.MnQy Orthorhombic. In smvill 
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BORACITB, 

Teomotrio and tetrahedral in external form under ordinary conditions, but 
in molecular structure orthorhombic nnd pseudo-iwometric; the structure 
become otros, ‘as required by the form, only when heated to 265°. (See 


‘smooth, 0,( 1 ll uae, 
Cleavage: Cee, Fracture conch uneven. Brittle. H.=7 
in egwtie, G.="20,, Laster vitreous, inclining to ndamantine, Color 
SAY Tnalining to gray, yellow and greet. Sreal-whito,  Bublransparent, 


742 DESCRIPTIVE MINERALOGY 


to translucent. Commonly shows doublé refraction, which, however, die 
ay upon heating to 265°, when a section becomes isotropic. Optically +, 
Indices, 1-60-1:67. 
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Ascaorsonontre, (NHQsPu0ie5H,0. Dior from lanterelve in and 
ene, LNG Be Lah y = Void Prom the Toons fal 
‘COLEMANITE. 


‘Monoclinic, Axes a:b :¢ = 0-748 :1: 06410; = 00° 51’. 

Crymals ‘short prismatic (mm”” 110 A 110 = 72°4"). Massive 
Chea O10) hl eto {00D istine, Pret to 

va oct o ct, jure uneven 

subeonchoidal +45. 'G, Luster vitreous to adamantine, 
obconsholdal Le, cotmllty white, yllowah wills, graye. ‘Transparent 10. 
translucent, taf Bh see 00): ZAC axa = 88. a= 
1586, 8 = 1902, y= L614, 2V = 

Comp, — CaxBiOu.S1L0, perhaps HCa(0.):280 = Boron trioxide 
509, lime 272, water 210 = 100, 
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Crystala prismatic, sometimes largo; roneibting pyoitins to DAKE 
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Glearnge:a(100) perfect; m(110) lees so; B(010) in traces. Fracture 
concholdal. “Rather brittle. H.= 225, G.= 160-172, Lister vitr- 
ous to resinous; sometimes earthy. Color white; sometimes grayish, bluish 
or grevaish, Streak white. Translucent to opaque. ‘Taste swoetish alka 
line, feeble. Optically —. pl £0010). X = baxis, 
ZN caxis = 55" a = 1487, B= 1470, y= 1472, 


= 
‘Comp.— Nn:B,0;.10H:0 or NayO.2B-0,,10H:0 = Boron 


i trioxide 36°6, soda 16-2, water 472 = 100. 
r4 etc, — B.B, pails up and to a transparent 
poten ih tof basal wah and 
iiphate, it colors the fame around the ansay clear green. Soluble 
in water, yielding & Figs ateamae ‘solution. 
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Monodlinie. Usually in rounded mises, looce in texture, consisting of 
fine fibers, which are acicular or capillary crystals. H. = 1. G. = 165, 
Luster silky’ within. Color white, ‘Tasteless. Optically +. Ax. ph. 
(1. ZI basis” YA eax W028 a = 1500.) B= 1808 y= 
Comp. — A hydrous borate of sodium and calcium, probably NaCaBy 
SHO = Boron thanide 43°, ime 13, ada 77, water B58 e100 
ate — Viele water, BB. ann at timemcenee ta 2 0 
exert i inane ee rll: "Sotened wih uinnite sl toe beat ie eee 
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Obs, — Ovcure in the ot Le Chile (called 3 
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Sang, Ug Anan, tn Nova enn Hants at Wine oa les 
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BORATES, URANATES: 75 


Brentire | CABAO:AFLO, A doubtful spevitm, Tn erie aw deposit trom spines 


‘Tuscany 
— CaM 1 OTTO. peeecete, oe 100 te, 
Recent oy and fa Hemi G, SS tty latble Cole ese 
Optically Rg TSE A as nat as ee ss 2 Tah 


Peon i ‘ot, Prov of Saute Found ear yan, 
inye Cos Gaforsa, 

Probertite. _Krameritea, — Rphat enpateintidade nts ‘Monoclinic.  Radiuting pris- 
wate hal Chavage scan tad venir 


Ax ph ois FAP ace = aa tots, 
In chiy, borax ur kernite at the Kramer dis- 


Salphoborie Tn colorless peithatic. ortborhemubi 
tate Bowne: (0) Gi: = 24. Fite.” Optially at 
(oi, ea a= eer, 9 1910, 9 — Te, BV = Oe 

lf Wentoregeln, Provinee of Saxony. 


‘Uranates 

URANINITE, Clevnile. Broggerite. Nivenite, Pitchblende. 

Tnometric, In ootahedrons (0), also with dodecahndral fuces (d); less 
often in cubes with oandd, Crystals rare. Usually massive and botryoidal; 
also in graing; structure sometimes columnar, or curved lamellar. 

Fracture concholdal to uneven. Brittle. H. = 55. G.= 00-97 of 
erystuls; of massive altered forms from 6:4 upwards. Luster submetullic, to 
EEENY & pileelike, ane dull. Colar grayish, gremnatrownlah velvet 

Streak brownish black, grayish, olive-green, x little shining, Opaque. 


‘Comp. —A uranate of uranyl, lead, usually’ thorium (or zirconium), 
often the metals of the lanthanum ond yttrium groups; nlso containing the 
guses nitrogen, helium and argon, in varying amounts up to 26 per cent. 
ery and water (essential?) are present in amall quantities; iron alzo, but 

‘aa an impurity. ‘The relation between the bases varies wiliely and no 

te formula can be given, Radium was first discovered in this mineral 
‘and it has been shown that it and the helium present are products of the 
breaiking down of the uraniuen: 
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SULPHATES, CHROMATES, ETC, TAT 
‘Oxygen Salts 
6. SULPHATES, CHROMATES, TELLURATES 
A. Anhydrous Sulphates, ete. 


‘The important Barre Guovr is the only one the ssule 
important Bas only one among the anhydrous 


enn, (NTTIRO, Of Umaally ta ore 
apd stalaetitie ge) ‘Soar m), eT eats Bolute in eater 
Ren ea rer er ag BLL 2 oo a ri oe 
fod tae Treen formed by the action of sulphuric acd furs upon wal anmoniac 
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hitalite, 
Priamatic cleavage, IH. = §, G/= 27. "Baaily fusible. el water coe rte 


Trin 14871-4090. Ovcury both In eanuetion with voleanie Invan, where 
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o,, Galfonin.  Artielal KiSOy arcane, haa closely related optical ood eryatallograp 
‘ropertiee to apthitalite 

GLAUBERITE, 

Monodlinio, Axosa:b :¢= 1220051: 10275; 8 = 67" 49", 


001 A 100 m 675 40%, cm OOL A 111 = 4a 24, 109 
iim”, 110A 10 m6 88, om ODL A 110 = $B 90). 


I ls tabular |) (001); also 
[Sheth slot bear ge Recioer 


Thea ¥ ¢ (001) 
L= 253, G= 78h Taser fire 
ou pale yellow or igray: sometimes brick 
rol. Siruk! white, Taste alighly saline, Opi 
ne CT a hace! 
Oe a ea a fois (*} 
mere Sa With ree a teraptentare 
eee its sineral besoones anianal for the D line af 4061. 
Bee further p. 


Comp, NaSO,,CaS04 = Sulphur tnoxido 67:6, lime 20:1, soda 223 = 
100; sats NAS, C450 Sulphur sulphate 48:0 = 100. 
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ete, —B:B, decepitates,toron white and fuse at 1:5 to. white uae), coloring 
a ee ea, erent ete coal fuses i OF. to a clear bead, in RLF. & portion 
fa facia inteonly re paving ae infunble opaile resdie. Soluble i ydrochioic 
SADT nnn, pny ace ving en of ets 
‘Siphate: nud ts ange excem hin eotpetely Seolved 
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Barite Group. RSQ. Orthorhombie 


WIN we ae wr 
110 A 110 102A To2 O11 A OTL a 

Barite BaSO, 78°22)’ 77°43" 105° 26°81 
Celestite 8180, 75° 7st" 10% OF 7700: I 
Anglesite PSO, 76" 10)! 78°47" NA° 24 OT852 21 
‘The Banrre Guour includes the sulphates of barium, strontium, snd lend, 


three spoctes which are closely isomorphous, agreeing fot only in axial ratio 
tout also in erystalline habit un cleavage, 

study of bart ealetite and angles shows that the ntle srr pomomen 
anid chi ae tlt od noe tins rap ts tora of the ewe eal 
atl i ye 


BARITE, Heavy Spar. Baryten. 
Orthorhombio, Axes a:b :¢ = 08152 


sm, 10 110 = 78 a, 102 A108 = 1 
hy "Ol A 10n = 28" BY" oo") OM AO} 
St UNL A O11 = Be 6, &, OO AML= 
‘Crystals commonly tabulas j¢(001), and united in diverging groups having: 
the oid in common; nlso stie, most. frequently, || mae b, di2) 


; algo || axis ¢, m(110) prominent; again || axis a, with o(01!) 
omnes te da eloblar forma frou or lmelne, crested ee 
fimainated, laminte convergent and often curved; granular, resembling white 
marble, afd earthy; colors sometimes banded! as in stalagmaite. 

Cleavage: (001) perfect; m(110) also perfeet, Big. 1035 the form yielded 
hiy cleavage; also (010) imperfect. Fracture uneven, Brittle. H. = 25— 
35. G. 43-46, Laster vitreous, inclining to. ‘resinous; sometimes 
poarly on (O01), lose often on m(110). Streak white. Color white; also 
Tholining to yellow, gray, blue, red, or brown, dark brown. ‘Transparent (0 
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when rubbed. Optically +. Ax. 


a= 1686, 6 = 1037, y= 
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(100). 2V = 37° 30’. 
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Barium sulphate, BaSO, = Sulphur trioxide 343, baryta 657 
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often with copper ores. At times forms the cementing material jn sandstones, Sometimes 
avities of amyyrtaloid, ete; earthy masses in beds of marl. 

the pine ‘mural of tans al oaapen care ee 
‘ch freqaent end wide oorurence 


= ,Seuren of Karim hydroxide wed i the reining of sages; ground wed wed aaa 


oi 
ten, to give waht to paper lly ole 
CRLESTITE. Gareting 


Orthorhombic. Axes a:b: ¢ = 07700: 


12800, 


EY SEY 
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rmim’", 10 A 110 = 757 0, 01 A 102 = ans 244%, 
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Crystals resembling those of barite in habit; commonly tabular || (001) or 

‘ismatio i b; also more rarely pyramidal by the Prominence of the 

Pen sere pa Ais dies al ae ee obvalar; 
granular, 

Clea’ 3 (001) fect; m(110) nearl feet; (010) distin 
Finctere oven PSS. Bae Bete, MOM) lo dint, 
‘times inclir to pearly. Streak white, Color white, often faint bluish, and 
sometimes she mTanupatent to subtranalucent. be ain +. a 
f coro}. Z4 (100), a= 1022 = 182. 7= 1631, 2V< 51°. 
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different eases; pyramidal of varied types. Also massive, granular to. com- 
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Orthorhombie. Axes a:b :¢ = 0'8083 : 1: 10008, 
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perfect; 


Brittle. 
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ig ay: 
ij fl 
oe ft 
if Ch te 
ett) WE 

pais! a 
eet 
pitas) idl 

AE 
NHa ar 


100, 


—Auhydrous calcium sulphate, CxO, = Sulphur trioxide, 588, 
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alonevichite.— Normal ferric xsd aluminum mulphate. As a lolat incrusation, 
‘Alum Grotto Island of Valeo, Lipa Talanda. 2d 


‘cROCOITE, 

pty Axoaa : bz ¢ = 09608 :1;09150; A = 77°33’. 
mm!” 110.0 110 = 86% 10. Ww, ALLA ATL = 80" 50%, 
ck, "O01 A TOL = 40" 32", ‘ety OOL A 111 = 48" 687, 


Crystals usually prismatic, habit athe, Also imperfectly 
columnar and granular, 

Clonvage:, m(l10), rather ditinet;, (001), u(100) lesa 2. 
Fracture winall conchoidal to uneven. ‘Sectile, H. = 25-3. G. 
1 Lasteradamantine te vitreous, Color variousshadet 

int 


7 Toad chromate, F PiC¥04 = Chrortium trixide 311, 


lead protoxide 689 = 100, 

ra ate. — Tn the closed tu (tutes, blackens, but recovers i Mra 
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Sulphates with Chlorides, Carbonates, etc, —In part hydrous 
‘LEADEILLITE, 
Mopaclinia “Asere ¢= 17476: 1222184; 3 = 89" 48", 
(410 A 110 o 130227, O01 A111 = 68" Bt", 
Bh OOLA tot = air a0, fm, oot & 110 = 80° Ba": 
‘Twine: tw. pl. ri(110), analogous to aragonite, Crystals commonly tabu 
eps, pl. w(t ly 


SULPHATES, CHROMATES, ETC. 755, 


‘Cleavage: H in Fracture 
wvage: Gad bestest; of100) fn trioem cometh 


ry other parts resin« Se etoncih sdasantion (Col »t 

into yellow, gree, oF icra Pirate 
Optically +. Ax, pl. 1 (010). X Ae axis = 5°. ayes 
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B. Acid and Basic Sulphates 


Misenite. ‘weid potaasium sulphate, HKSO. Probably monoelinie. 
fibers of Eaatly fusible, +. ZA elongation = 33", 
5,8 2V large A ee rete 


BROCHANTITE, 


Orthorhombic, Axed a : bo = 07730 ; 1: 04871. 

In groups of prismatic scicular eryatals (mm'’” 110 A 170 = 75° 28’) and 
dirusy: crusts; missive with reniform structure. 

Cleavage: b(010) very perfect; m(110) in traces. Fracture uneven. | H 
= 35-4. G.= 89, Luster vitreous; little on. the elesvage-fice 
b(010), "Color emerald-green, blackish treak pater green. Trans 

arent to translucent, Optically — |. | (100). X= b msi 
i938, = 17, y= 1800. 2V = 72°, 6 P< ve 

‘Comp, — A busie sulphate of copper 1 3CU(OH)s of 4CU0.80s 
3H,O — Sulphur trioxide 17-7, cupric oxide 70°3, water 120 = 100, 


ry ete. — Yields water, and at ut phurie weld, in the, tube, 
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C. Normal Hydrous Sulphates 
‘Three woll-characterized groups are included here, Two of these, the 
Ersowrre Gnour and the Mutanrenrre Grovr, have the same general 
formula, RSO.7H,O, but in the first the ‘erystallization is orthorhombic, 
Pa aed monoclinic. ‘Che species are best known from cho artificial 
‘crystals af the laboratory; the native ‘tminerals aro rarely crystallized. Thero 
js also the isometric Anum Grove, to which the samo remark is applicable, 
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‘Cleavage: 0(100), perfect; (001), (010) in traces. H. = 15-2, G. = 
1481, “Laster vitreous, Color white. ‘Transparent to opaaue, ‘Taste coo} 
then feebly saline and bitter, Optically —, Ax. pl. L (010). |Z 4 ¢ axia 
= £26" 10 31%. 8 = 1437. (On recrystallized material 8 = 1308.) 

x Koni Hydrous sodium sulphate, Ni80.10H,0 = Sulphur trioxide 
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Comp. —Hydrous calcium sulphate, Ca8O,2H,O = Sulphur trioxide 
46-6, lime 32°5, water 200 = 100, oe 
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EPSOMITE, Epeom Salt, 
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Melanterite Group. R80.7H:O. Monoclinic 
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also massive, pulverulen wig: (001) perfect; 110) lw ag, Frac 
ture 00 Pets, He Gh 139-106, "ually fuse. Ase 
Irngent tanto, “Laster vitregus. Color, variqun hades of ren, puss 
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Cleavage: c(001). H. = 25. G. = ees Suster pos: 
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Alunite Group 
ALUNITE. Alunatone. 
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Rhombohedral. Axis ¢ = 1-249; rr’ 1011 A T101 = 90° 45", er 0001 A 
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Scheelite Group. ‘Totragonal-pyramidal 


7 
Walfenite PbMoO, 80°22’ c= 18771 
‘The Scrrmesrre Gnovr inclades the tungstates and malybdates of ealeium 
lend; aloo copper. In crataliantion thay belong tothe Pyremiel Clan 
Bf the Totragonal System. Wallenite a peokably Reniaserale 
‘SCHERLITE. 
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